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enum... 
for all uses 


THE MELTER KNOWS..... 


HE experienced melter knows he 
can depend on Molybdenum additions for 


uniform effects as calculated He knows the 
AMERICAN Production, American Distribution, American 
customer can depend on the higher physical Control, Completely Integrated 


Pittsburgh, New York, Chicago, Cleveland, Detroit, 


properties that Molybdenum adds. His com- ' ‘ 
Los Angeles, San Francisco, Seattle 


fortable assurance in the use of so trustworthy a f entatives: Edgar L. Fink, Detroit; Brumley-Donald 
Los Angeles, San Francisco, Seattle 

an auventis good to have As a supplier of Molyb- ub iaries: Cleveland-Tungsten, Inc., Cleveland, O.; General 

nesten Manufacturing Co., Inc., Union City, N. J 

denum, Tungsten, and Boron, the Molybdenum ; 

Washington, Pa. Yor Pa 


Corporation is glad to be consulted at any time. Questa, New Mexico; Urad, Colorado. 


MOLYBDENUM (72007 oc smncs [ 
GRANT BUILDING PITTSBURGH, PA. 
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“BLECTROMET Daashet 


A Digest of the Production, Properties, and Uses of Steels and Other Metals 


Published by Electro Metallurgical Division, Union Carbide and Carbon Corporation, 30 East 42nd Street. 
New York 17. N. Y. « In Canada: Electro Metallurgical Company of Canada, Limited, Welland. Ontario 





High-Chromium, High-Carbon Iron 


.. . the Iron That Hardens as it Wears 


lrons Have Wear Resistance Many 


Chromi tent of | 7 
HnenEED Content oF Hens Henges Times That of Other Alloys 


from 24 to 30 Per Cent 


Metallurgical Service Available 
I Eu 


Development of Greater Wear 


Resistance by Heat Treatment 





what’s all this talk 
about stainless steel 


lechnical and business papers are full of articles pointing 
out new uses for stainless steels. The many friends of 
stainless are apt to overindulge in its praise... no matter 


what the ipplic ition might be. 


Crucible, a pioneer in the development of this specialty 
steel, is well aware that stainless will live up to its reputa- 
tion only when the right stainless analysis is used. That’s 

hy Crucible offers the services of a staff of metallurgists 


help you apply stainless to your application, 


ese engineers and metallurgists are freely available 

» you. One word from you puts a background of fifty 
years of speci ilty steel leack rship it your service, CRUCIBLE 
STEEL COMPANY OF AMERICA, Chrysler Building, New York 


ya. & 


CRUCIBL first name in special purpose steels 


hot and cold rolled MVE IGS Se aaa Lg 
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Stanplify, Speed-uf 
Stutering 
with HARPER 
ELECTRIC FURNACES 


@ Sintering operations are simplified and speeded up in 
Harper Electric Sintering Furnaces, thus putting the manu- 
facture of powdered metal parts on an economical pro- 
duction basis. Unvarying electric heat assures a consistently 
uniform product. Rigid firing schedules maintained through 
dependable automatic control features. 

Shown above is a pilot sintering furnace adaptable for 
quick test runs, Versatile design of the unit permits varia- 
tions in firing cycles to allow duplication of most produc- 
tion schedules. 

Standard pilot and production models are available in a 
wide range of sizes. Write for information on these, or if 
your problem is of a special nature, Harper engineers will 
be glad to design and quote on special equipment to meet 
your exact requirements. In writing, state size, weight, and 
quantity of product, temperature range, firing schedule and 


, 
available power supply. 


HARPER ELECTRIC FURNACE CORP. 


1456 Buffalo Ave. Niagara Falls, N. Y. 


Representatives in Principal Cities 
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i - Strength Proved by Years of Service 
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WLLLLILUCY 
NEW FOLDERS 


‘illustrating and describing 
the latest modern innovations in 
Metallurgical Laboratory Equipment 

compiled by. 
BUEHLER LTD. 
America's most popular authority 
on Precision Built Instruments for 
the most exacting metullurgist 


e ILLUSTRATIONS of perfected designs 
of ‘Metallurgical Laboratory 
Equipment anc Relative 
Accessories. 

© COMPREHENSIVE SPECIFICATIONS of all 
illustrated equipment. 

e SAMPLES of Polishing Cloths and 
Abrasives 

e AUTHORITATIVE RECOMMENDATIONS of 
available equipment for every 
metallurgical testing requirement. 

Don't miss receiving these inform- 

ative folders! 

All free, simply for the asking. 

Fill in and mail coupon below and 

your folders will be sent to you 

immediately. 


Buhler Led 


A PAPTNERSH 


METALLURGICAL APPARATUS 
165 WEST WACKER DRIVE 
CHICAGO 1, ILLINOIS 


= cS 
= Umer: Le =. owt 


MICROSCOPES 


on 

resssmire coureane * 
oni e . 
waraet we eee” 


vor Tet 
matarswacicatl 
rasonator® 


BUEHLER LTD. 165 w. wacker orive «© CHICAGO 1, ILLINOIS 
Please send the following folders 
Polishing Cloths and Abrasives Electro Polisher 
Test Specimens and Microscopes Polishing Machines 
Cut-Off Machines 


Fine Grinding Machines 


Surfacers and Grinders 
Diamet Hyprez 

NAME 

COMPANY 


ADDRESS 
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For AMERICA’S LABORATORIES... 





A New, Completely Direct-Reading 
Analytical Balance... 


THE . je 


BALANCE 


Fast (20 second weighing) 


Eliminates all weight 
handling 


Beam under constant load 
One-scale reading 


Constant sensitivity 


Weighs below 100 milligrams : 
automatically 





_ 
Write for Folder No. 4K 


Headquarters for Laboratory Supplies 


em SCIENTIFIC CO. ° OF EIMER AND AMEND 


me ages 30 19), Pa. 
2109 Locu , St. Louis (3), Mo. New York (1a), New York 


reets 


Canada: Fisher entif o.. | 904 ames Street, Montreal, Quebe 
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Improved Sag Resistance 
makes Thinner Gauges Practical 


TITANIUM IRON 
or vitreous ENAMELING 


The improved sag resistance of Titanium-bearing Enameling Iron makes 
it possible to avoid firing-distortion with lighter gauge sheets. This is a 
worthwhile economy that enamelers are using to advantage. In addition 
to sog and warp resistance, Titanium Enameling Iron, containing sufficient 
titanium to stabilize all the carbon, offers other desirable properties: 


GROUND COATS ELIMINATED: Under 
proper shop conditions, cover coats may be applied 
directly to the base metal. These thin opaque coats re- 
duce the hazords of chipping and breaking. Adhesion 
is excellent. 


FISHSCALING AND BOILING REDUCED: 
During years of research and production, not one cose 
of fishscaling has been reported. Blisters in the finished 
ename! care also eliminated. 


PRODUCTS MORE ATTRACTIVE: In fabri- 
cated shapes warping, wrinkling and stretcher strains are 
avoided becouse of the increased sog resistance and 
excellent drawing qualities of Titanium Enameling Iron. 


The Titanium Alloy Mfg. Division developed this new enameling process 
and produces the titanium alloy used in the manufacture of this enam- 
eling iron. For samples see your steel supplier. Detailed technical in- 
formation may be obtained from our field engineers by writing to our 
New York Office. 


TAM 
PRODUCTS 


TAM is oa registered trademork 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 


Executive and Sales Office: 111] BROADWAY, NEW YORK CITY - General Offices, Works, and Research Laboratories: NIAGARA FALLS, N.Y. 
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A STORY OF ALLOY STEEL BAR MACHINABILITY 


Strength ... toughness... hardenability ... MACHINABILITY ... all 
are important requirements in the material used for these quality socket 
wrench parts. And that’s why they're made of Republic Cold Drawn 
Alloy Steel Bars. 

In cold drawn bar form, Republic Alloy Steels give you every characteristic 
needed to produce high quality steel parts at lowest possible unit cost 
—close tolerance, accuracy of section, fine surface and UNIFORM 
MACHINABILITY. 

Republic Cold Drawn Alloy Steel Bars are available in all popular 
analyses, in standard shapes and sizes, and furnace treated (annealed, 
normalized, spheroidized, stress relieved or carbon corrected) to your 
requirements. Republic's veteran metallurgists and machining experts 
are ready to work with you at any time. 


Write, wire or phone foday. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 


GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 


ALLOY STEEL BARS 


Other Republic Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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@ \luminum alloy @ Section reveals 
isting 244x114 hole detected by 
radiography 


for aircraft 
accessory part. 


© Radiograph which 
revealed defect 
in casting. 


Minutes of Radiography 
saved hours of machining 


AN FER machining, this aluminum alloy proved sound by radiography, were sent to the 
LF’ casting was to be an important part in an custome! 
aircraft accessory, vital to high-altitude flving Cases Whee this show how mate end eis 
he finished part was needed quickly by the foundries are able to release only sound east 
customer. Design specifications demanded high ings. Perhaps even more important, radiography 
quality is showing how to make consistently sound 
This was no time to wait for machining to castings, by picturing the internal effects of 
disclose anv defects. There was too much to lose changes in gating, venting, chilling, pouring 
setup time, machining time, take-down time, temperature, and other variables 


as well as the reputation of the foundry Ask vour x-rav dealer to « xplain how radiog 


Radiography saved all that. In a few minutes raphy can he Ip vou increase vield and cut costs. 


it revealed a defect that caused rejection of the EASTMAN KODAK COMPANY 
rough casting at the foundry. Other castings, X-Ray Division, Rochester 4, New York 
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Industrial Research, Lehigh Univ., Norwegian Inst. of Technology. Mr 
Osborn is a member of AIME and makes his home in Melbourne. Hiking 
and skiing rate as his chief pleasures and photography is his hobby 





ATTENTION—IMD AUTHORS 


The Fall Meeting of the Institute of Metals Div., AIME, will be 
at the Sheraton Hotel, Chicago, Oct. 23-25. Deadline for papers for 
this meeting is April 15, 1950. Because of the large number of 
papers already published, the publication funds available to the 
I.MD. for the balance of this year will not be sufficient to publish 
the usual number of fall meeting papers. A limited numbers of 
papers can be printed prior to the fall meeting. Some fall meeting 
papers may be accepted for publication but not printed this year 
The date of receipt will determine the order of publication, space 
permitting. A number of special sessions are being planned, which 
should make the fall meeting more interesting than those of the 
past 
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Detroit San Francisco 








Positions Open 


Production Control Manager, particularly experienced in inventory con 
trol and purchasing of screw and metal machine parts. Should be 
purchases considerable 


Location, northern 


capable of developing new vendors as company 
quantities of fabricated metals. Salary to $6500 a yr 
New Jersey. Y-2844(b 

Junior Metallurgist for metallurgical laboratory. Prefer man who has 
had some experience but will consider recent graduate. Will 
mill processes and development work. Salary, $2912 a yr, with an 
Location Connecticut. Y-2862 


> trained in 


auto 


1atic increase in 90 days 
Electro-Metallurgical Consultant, age 32-38 only. Must have three to 
five years’ experience in the operation, design, layout of electro-metal 
Salary, $7000-$8000 a yr. Location, New York 


‘gical smelting furnaces 


iurg 
N. Y. Y-306lia 


Junior Mechanical Engineer with some Knowledge of metallurgy, for 
work involving the study of miscellaneous mechanical and metallurgical 
problems submitted by small industrial firms and the preparation of 
both English and French. Should have had one to two years 
Salary $3000 a yr Location 


replies in 


experience in industry about Canada 


Y-3193 


Metallurgical Engineer, graduate, with five 
flotation and ore dressir preferably in non 
concentration would be 


training period in the mining, washing and flotation 


perience in metalic 


and later assume a supervisory position on the nig! 
substantially on nig perations. Location, Florida 
Staff Engineer, 28-35 ngle, graduate, with industrial experience 


production engineering ‘nt, methods improvement 


facts speak 
LOUDEST 


At least one type of Molyb- 
denum high speed steel is 
listed and promoted on a basis 
of equivalentand interchange- 
able performance with tung- 
sten steel, by makers of high 
speed steel. 


G 


Users’ reportsof Molybdenum 
high speed tools everywhere 
indicate that performance at 
least equals and in many cases 
betters that of tungsten tools. 


The heat treatment of Molyb- 
denum high speed steels is 
basically the same as that of 
tungsten steels. There is 
nothing in the treatment to 
confound those who are fa- 
miliar with the heat treatment 
of tungsten types. 


Molybdenum high speed 
steels save money in produc- 
tion—for proof send for our 


FREE booklet. 


~ 


Climax Molybdenum aeue | 


500 Fifth Avenue - New York City 


Please send me a copy 
of your FREE BOC )KLET 














JOURNAL OF METALS. MARCH 1950-—45! 








The INSTRUMENT IN COMMAND 


of production control for 


A LEADER OF THE INDUSTRY 


Campbell 
Wyant and 
Cannon 


THE FIRST FOUNDRY TO USE THE 
Baird Associates 


DIRECT-READING SPECTROMETER 
CAMPBELL, WYANT, and CANNON, the source of most 


that is new in casting iron and steel, says of the Baird 
Associates Direct Reading Spectrometer — 
¢ “Precision controls of the casting process” 
e “Exact composition of metals before it is poured” 
® “Old methods of chemical analysis took so long” 
NOW — with “harnessing the rainbow” — 
¢ “SECONDS INSTEAD OF HOURS!” 
Principals in the ferrous and non-ferrous metals industries are invited 


to learn of other significant applications of the Direct Reading 
Spectrometer to production control. 


Free Bulletin No. 26 


A Baird Associates, Inc. 


33 UNIVERSITY ROAD 
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PROFESSIONAL SERVICES 


Limited to AIME members, or to com- 
panies that have at least one AIME 
member on their staffs. Rates $40 per 


year per inch 








ENGINEERS 
METALLURGISTS 
CONSULTANTS 
Small Jobs Welcomed 
SAM TOUR & CO., INC. 
Laboratories and offices 
44 Trinity Place 
New York 6, N.Y 
Deal With Confidence 


Where you see this sign 











MAX STERN 
Consulting Engineer 


Expert for Scrap Recovery 
Modernization of Plants and 


Ferrous and Nonfer s Meta 


150 BROADWAY NEW YORK 7. N.Y 








LEWIS B. LINDEMUTH 


140 CEDAR STREET wEw YORK 6m Y 


STEEL PRODUCTION 





For Sale 


ELectric MELTING FURNACE 


Top charge, 9-ft. diam. shell, with 2500 
KVA transformer Very ttle used. in 


good condition 


FRANK B. FOSTER, INC. 


2217 Oliver Bidg Pittsburgh 22, Pe 











CAMBRIDGE 38, MASS. 


R. S. DEAN LABORATORIES, INC 
g, Research Development 
hemistry, Elect hemistry, & Metallurgy 
story Research : ntract Basis 
5810—47TH AVENUE AP-2821 
RIVERDALE, MD 














BLAST FURNACE 


COPPER CASTINGS 


Bosh Plates 
Mantle Plates 
Cinder Notches 

Tuyeres 
Tuyere Coolers 
Hot Blast Valves 
and Valve Seats 


SmettH-Harwoop COMPANY 


Superior Blast Furnace Copper Castings Exclusively 





gical Engineer for research develop 
res by sintering 


experience 


WANTED—Metallur 
essing of iron co 
training or 
aboratory with commercial applica 


agglomeration 


ment in pr 

2 arts Basic required 

ontined te 

ctive. Please write qualifications and ex 
salary 


Box F-3—JOURNAL OF METALS 
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Previous travel in referred. Salar 
Belgium. Y-3226 
Research Fellowship in metallurgy. Post M.S 
) tion of research probiem in 
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’ 
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Vechnr al 


ENERGY 


\ 
Proyes 
Manhattan 


Ilere are recently-published books in the 
outstanding National Nuclear Energy Series 
which aflords scientists an authentic com 
stomic research reports on work 
part of the United States 
Published 
States Atomic 
Columbia Uni 
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pilation of 
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tists associated project 


PPA PPA Oooo ~ 


The Chemistry and 
Netallurgy of Miscellaneous 
Materials - Thermodynamics 


2 3 R M 
. $3.00 


The Transuranium Elements 


Iwo Parts 


I 
$15.00 


am PPO eee 


The Characteristics of Electrical 
Discharges in Vlagnetic Fields 


oe 


PPPPPOPPREDEPPPDPPOPPAPL 
Vacuum Equipment and 
Pechniques 

4. $2.50 


Bibliography of Research on 
Heavy Hydrogen Compounds 


( \ H. kK 
2. LM. I I 
I he 


ateianidiiiniadaaiesichatedaiaitndiilestidute 
Spectroscopic Properties of 
Uranium Compounds 
6. i ‘ H 

$2.75 
ndudliahditaimingidaddaesnibaiaiteanndaamadalinmaal 
Engineering Developments in the 
Gaseous Diffusion Process 


SEE THESE BOOKS 
10 DAYS FREE 


$30 W. 42nd St 
New York 18 
McGraw-Hill Book Co., Inc 
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FOR DEPENDABLE LONG LIFE 


insist on 


Nickel Alloy Steel Gears 


There are two kinds of nickel alloy steel gears 
those that are carburized, and those that are direct 


h irdened 


CARBURIZED GEARS 


The carburized gear is used in applications that 
require maximum wear resistance in the surtace, as 
well as greatest surface compressive strength. With 
nickel alloy carburizing steels, this goal is consis- 
tently attained, together with development ot ex- 
tremely tough cores that resist shock loads, fatigue 
and bending stresses. \loreover, a chief cause of 
nowy gears the distortion that accompanies heat 


treating is inherently resisted by nickel alloy 


< irburizing steels 


DIRECT HARDENED GEARS 


hardened steel gear is used to carry 
heavy tooth loading in applications where resistance 
to wear and surtace compressive stresses is not 
quite so vital a tactor. Here again, the nickel-con- 
taining steels develop the required strength more 
consistently and in heavier sections than carbon 


mad are enerally more resistant to shock. 


—on rok | 
— on FO 
\van co . Book 


ALUAS 
“# 


\ 


fatigue and multi-axial stresses. Distortion result- 
ing from heat treatment may be minimized by using 
nickel alloy steels and their machinability before 
final heat treatment is very good 

Giving greater play to the skill of the engineer, 
nickel alloyed steels not only provide increased 
strength without sacrificing ductility, but they 
harden at lower temperatures which simplifies heat 


treatment and minimizes deformation and scaling. 


MEET VARIED REQUIREMENTS 


Nickel alloyed steels enable producers to meet vir- 
tually any reasonable requirements whether 
dictated by revised stress analysis due to design 
changes, or by changed fabricating methods that 


demand better machining qualities or tmproved 


response to heat treatment 


MANY TYPES AVAILABLE 


The many standard grades of nickel alloyed steels 
permit specifying the particular type which provides 
the best set of properties for any reasonable tabrica- 
tion and service demands. 

LUnending competition for higher speeds and 
heavier loads, for quieter operating and longer ma- 
chine lite, prov ide opportunities tor gear producers 
to drive ahead with nickel alloyed steels. Use the 
coupon for your copy of “Modern Trends in Nickel 
Steel and Cast lron Gear Materials.” This usetul 
ind informative booklet is yours for the asking 


Send tor it now 


NEW YORK 5,N. ¥. 


THE INTERNATIONAL NICKEL COMPANY, INC. New vores'n-y 











Journal of Metals RE PORTER 


& great quantity of long-suwaeited data on binary, ternary and quaternary alloys 
titanium are presented by Craighead, Simmons and Eastwood, of Battelle, on 
485-552. Hundreds of alloys heve been examined in detail as regards their 
This work adds an entirely new chapter to the rapidly ex- 
metallurgical concept of titanium metal. 


- 


iicroscope studies of carbides in vanadium-chromium-molybdenum steels 
show that conditions encouraging formation of fine vanadium car- 
high temperature strength. (p. 561). 


ging in blast furnaces is caused by the semi-rigid diaphragm of the fusion 
zone coming to rest on the top of the bosh either because of lack of preheating 
time or from amount of lime in the charge. (p. 4765) Hanging is minimized by 
lowering the bosh and designing for more preheating speéece. 
* \hether Europe is faced with a steel surplus is still a matter of much debate. 
The secretariat of the ECE steel committee at Geneva several months ago issued a 
report totaling present and planned steel capacity et 70 million tons and estimat- 
ing possible demand at 58 million tons. Some opinion is that possible consump- 
tion is somewhat higher. oS 


ess a buyers' merket has already appeared even though Europe's 
are as yet far from satisfied. The main causes of this impasse are 
currency payment SESE SOmRE SOR and import quotas. ECE is attempting to geet import 
quotas relaxed but is meeting stiff resistance from high cost producers and from 


the British who want stability more than anything else. 


Europe's traditional steel producers are also making extreme efforts to dis- 
courage upstart producers such as the Dutch, Greeks and Turks into abandoning 
their nationalistic plans for building additional steel capacity. 


* Three to four billion dollars in the immediate years ahead will be required to 
maintein the steel industry's producing facilities, eter en: to R. E. Zimmerman, 


~ 


vice-presiden it of the U. S. Steel Corp. In addition to rebuilding the usual 
worn-out equipment, the money will be needed for develenine new iron ore mines, 
treating taconite ores, beneficiating coking coal, handling industrial wastes to 
avoid stream and air pollution, and providing pensions and social benefits. 


* Delivery of 78,000 tons of steel rails rolled in the German Ruhr to Communist 
Shanghai, has been stopped by the Allied High Conmission. The British subsidiary 
of the American Trading Co., Commerce Internationeél Inc., originally placed the 
order for the Nationalist government and the contract erty neni was picked up 
by the communists. This same trading company has recently been shipping tanks 
and other war materiel to the Nationalists in Formosa. 





Government research 3 «be conducted at Stevens Institute and elsewhere with 
the object of producing il, S28) ; powder products for ultimete application to 


the jet propulsion an gh cure gas turbine projects for Army, Navy and 

Air Force." 

* Carbon molds for pig-casting machines have shown greet promise at Hanna Furnace 
Corp., Buffelo. However, they are difficult to adapt to machines already built for 
iron molds. 
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maneuvered Mr. Denham by promptly accepting 
an offer of renewed negotiations from the op 
erators, setting the very hour that Mr. Denham 
was scheduled to appear in court. The operators 
however, postponed the meeting until after the 
court hearing 

The meetings sank beneath the quicksands of 
Mr. Lewis’ usual histrionic mystery as regards 
specific demands and the operators’ insistence on 
an unbreakable two-year contract and no in 
crease in wages or pension levies. Mr. Truman 
then entered the arena with the proposal that all 
miners should return to a full working week for 
70 days, while a fact-finding board investigated 
and drew up recommendations for an equitable 
settlement. Mr. Lewis’ vitriolic reply to this pro 
posal left Mr. Truman with no other recourse but 
to invoke the “Taft blackjack.” 

At this writing the miners still aren’t digging 
coal and the next few days may see an injunction 
leveled at them. Even so, miners are a tough 
breed and the enforcement of the injunction will 
be an interesting operation to watch 

The hydrogen bomb, and all the attendant 
wide-eyed comment, came somewhat as a sur 
prise to most scientists. It was the logical next 
step in the atomic arsenal. Its principle has been 
common knowledge for almost two decades await 
ing only the atom bomb as a means of supplying 
the high temperature and pressure necessary to 
trigger the reaction. But while the next step for 
ward did not surprise scientists, the action cer 
tainly was accompanied by a common feeling of 
revulsion. Atomic fission has at least the possi 
bility of many beneficial peacetime byproduct 
But the hydrogen version, atomic fusion, i 
purely a titanic instrument of destruction with 
no beneficial byproducts 

On the political front the hydrozen bomb has 
become primarily a device for scaring people into 
either a new arms race or a new attempt to come 
to terms with the Russians. The supporters of 
preventive war have spread reports that full 

le manufacture will soon begin, while those 
think that the Baruch plan for interna 
tional control of atomic energy is something les 
than sacred cite the hydrogen bomb as a reason 
for a more flexible approach to the problem in 
the UN. This is an election year and the Ad 
ministration would like some dramatic success it 
foreign policy before November. Foreign aid pro 
grams have not the attraction they once had a1 
the near defeat of the bill to aid Korea bodes 
for the forthcoming requests for money to further: 
support European recovery 

With both the United States and Russia in 
volved in hydrogen bomb race, the state of 
world tension which has been normal for 
past three years has been screwed up to 

inbearable pitch. A new attempt to 
rnational control of atomic energy is cer 
ily in the making. Mr. Churchill has spoken 
another meeting with Mr. Stalin and Pre 
ont Truman, despite his denials, certainly 
exploring a new attempt for agreement 

However, it is by no means certain that a 
agreement with the Soviet Union confined simply 
to the question of the atom bomb would eithe! 

trengthen western defense or make the need for 

l the only two ways in which the risk of 

could be reduc n re n for an American 


n 
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destruction of stockpiles and an undertaking not 
continue with the hydrogen bomb, the Rus 
agree to put into operation the sys 

l ynal inspection and control of 

y produced atome energy which is the 
maximum they have so far been prepared to con 
cede. But would the risk of war be less even if 
the Russians made further advances and agreed 
to transfer some atomic activities to interna 
tional ownership for an experimental period? On 
the contrary, the risk might be greater. Even a 
limited agreement with Russia might be taken a 
lackening of vigilance and a 
Tort all along the 

line is better that the cold war should con 


the ni for 


defensive ef 


tinue until both sides are genuinely ready fora 
complete settlement than that any new scientific 
horror should lead to the disarming of one side 
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AIME's 170TH GENERAL MEETING 


Hotel Statler — New York — Feb. 12-16 


ty nda morning, Feb. 12, long before many people were astir over three hundred Metal 
N Branch men gathered in the Ball Room of the Statler Hotel, New York City, to get the 
annual meeting off to an excellent start with J. H. Hollomon’s paper on the nature of struc 
tural changes during solidification of liquid metal. Practically all of the 300 men stayed 
through until after 10 p.m. to hear papers by R. F. Mehl and B. R. Queneau. On Monday, 
Tuesday, Wednesday, and Thursday, sessions started at 9 a.m. in an attempt to fit in all the 
papers scheduled. Everyone who could took out time Monday to hear General Eisenhowe1 
peak at the Welcoming Luncheon. Extractive metallurgists, Institute of Metals and Iron 
and Steel division men all met in the foyer to the Keystone Room at 6 p.m. Tuesday fo! 
cocktails and at 7 p.m. had dinner and heard Evan Just, of E&M4J, tell of his experiences 
with the ECA. Two more high spots in the busy week were the Institute of Metals Division 
lecture Wednesday and the Howe Memorial lecture Thursday. E. E. Schumacher based 
his IMD lecture on Metallurgy Behind the Decimal Point, pointing out the infinitesimal 

intities of impurities that would affect the properties of an almost pure metal. Francis 
B. Foley discussed the factors affecting the deformation and rupture of metals at elevated 
temperatures. The Metals Branch was well represented among the 1400-odd who enjoyed 
rloin, Bombe Statler, and the presentation of awards and medals at the banquet Wednes 

rhe Metals Branch can be proud of what it took to and got from the 1950 annual meetin 


The Council of Section 
Delegates met Satur- 
day morning, Feb. 11, 
to discuss AIME activ- 
ities and objectives, 
and to make recom- 
mendations. Here is 
(L to R) Cadwallader 
Evans, Jr., Pennsyl- 
vania Anthracite Sec- 
tion, President-elect D. 
H. McLaughlin and G. 
C. Weaver. 


< 


Over 300 IMD men 
were on hand to hear 
R. F. Mehl, of Carnegie 
Tech, explain crystal 
growth. 





After the Board of Directors meeting on Sunday: (I 


to R) W. M. Peirce, Gail Moulton and Andrew 
Fletcher (V.P. and Treas.) 














Registering for the Council 
of Section Delegates: (L to - 8 





R) Roland D. Park, Section 
Delegate, with pen in hand; 
T. B. Counselman, Chair- 
man of the New York Local 














Section; and James L. Head, s BE 
AIME Director. 4 
. 
a 
& ” Filags 
, Se 
, 


bs 





Five directors waiting for the all-day 
Sunday meeting to start; (L to R) 
Philip Kraft, A. B. Kinzel, W. M. Peirce, 
E. E. Schumacher and George P. Swift. 


IMD’s Symposium on Tube Production 
Practice; (L to R) T. F. McCormick, of 
Aleoa, speaking on Al-alloy tube pro- 
duction; W. M. Baldwin, Jr., and J. J 
Rutherford, Associate Chairmen, 








A 





rhe 27th Howe Memorial Le« 
turer; Francis B. Foley, of In 
ternational Nickel Co., pre 
sented his paper on Factors 
\ffecting Deformation and 
Rupture of Metals at Elevated 


remperature 


rhe 29th Institute of Metals 
Division lecturer was Earle I 
Schumacher Chief Metal 
lurgist of Bell relephone 
Laboratories, In¢ His very 
popular paper dealt with Met- 
allurgy Behind the Decimal 


Point 


President L. E. 


W. E. Wrather. 


< 
The Institute of Metals Di- 
vision, Executive Commit- 
tee, started their meeting 
with a luncheon on Tues- 
day and were still at it late 
in the evening. The most 
difficult problem to resolve 
was the publishing burden 
of an unprecedented num- 
ber of first-rate technical 
papers. 


There were no men busier than these three; 
(L to R) President-elect D. H. McLaughlin, 
Young and Past-President 





Donald H. McLaughlin 


AIME President 


for 1950 


ig man Homestake and Cerro de 
well Known as Chevrolet and Ford 
‘ar industry; the mining man con 
certain names with the history and devel 
opment of these two companies as readily as the 
industry recalls the feats of the various model 
associated with the more re 
cent history of both mining companies is that of 
Donald Hamilton McLaughlin, who is President 
of the AIME for 1950 
It’s a pretty well Known fact that Dr. M 
Laughlin became head of the Cerro de Pa 
Copper Corporation’s geological department at 
youthful age—he hadn’t completed 
his twenti It’s also common knowledge that 
Cerro de Pasco’s geological department became 


One name closely 


" li 
in unusually 


one of the largest of any mining company, so he 
iad a full time job supervising exploration and 
development programs of the corporation’s ex 
tensive copper, silver, and coal deposits in vari 
jus parts of Peru. As one of the first American 
engineers to do extensive work in South Amer 
ica, he ranks as a pioneer in a real Pan-American 
movement 

When he went to Harvard in 1925 as professo! 
of mining log} 
yne of the youngest professors in the history of 
the university. (Some dates might help here 
Dr. McLaughlin was born in San Francisco on 
Dec. 15, 1891, graduated from the University of 
California in 1914, received his doctor's degree in 
geology from Harvard in 1917, and from 1917 to 
1919 was addressed as Lieutenant in the 63rd In 
fantry, U.S. Army; he went to Peru in 1920.) 
While at Harvard he became chairman of th 
Division of Geological Sciences and of De 


partment of Geology and Geography n ad 


engineering and geology, he became 


dition to his academic duties he maintained his 
interest in the field as a consultant, his principal 
client the Homestake Mining Co. This company 
was incorporated in California a good many years 
before Dr. McLaughlin put in his appearance 
there, but by the time he had acquired a con 
ultant’s background he was able to help solve 
certain geological problems at Homestake, of con 
iderable value both in control of grade as well 
as in the development of additional! reserves of ore 
In 1945, after many years as consultant and a 
director, he became president of the company 
The lure of California called him in 1941 and 
back he went to become dean of the College of 
Engineering at his alma mater, the University of 
California. Big business claimed him two years 
later when he was made vice-president and di 
of Cerro de Pasco. Sandwiched in along 
way, he has been chairman of the Advisory 
Committee on Raw Materials of the Atomic En 
ergy Commission; chairman of the National Min 
erals Advisory Council; and a member of the task 
force on natural resources of the Hoover Com 
mission. He is a director of the American Trust 
Co., the Empire Trust Co., the Bunker Hill & 
Sullivan Mining and Concentrating Co., The Dor 
Co., the International Nickel Co. of Canada, San 
Luis Mining Co., and the Triumph Mining Co 
There has also been time for him to be chai! 
of the first AIME Committee on Geophysic 
to have a hand in getting out the outstand 
Geophysical Prospecting volume in 1929; he 
has served as chairman of the 
Committee and as a member of the Papers and 
Publications Committee, and was a member of 
the Committee on the Lindgren Volume. In 1947 
he was a vice-president of the AIME 


Geology 
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Executive and Finance Committees Discuss 


Budget and Bylaw Changes m ee of Award was composed of 
Clark ‘penter, chairman, E. F. Schramm 
Staab. Entries were limited 
prizewinning papers of the Local Secti 
conducted 
A prize 325 was 
Jason E. E ; of Salt Lake Ci 
: : . ; the best ‘ I be made available 
ES Epos Sau , :' ' . 7 o- Associate members of Student Chapters 
Board meeting on F I The Committees recommended 
that the office of Controller be 
that George I. Bri n ‘e-pre 
owl a ‘Su hic! } irer of the S : 1 Lead Co 
exceeded incon D\ ul al lal . i vi: he new 
n i! balanced l ll | " ined n ivision h nsti were 
chiefly thr na expt 1 ine é m ; hi LD] al of that Divi 


$99,000 


coming year were 
Young and Herber 
he most available past Presiden 
McLaughlin and Edward H. Robie 
was noted that Dr. Young would be 
EJC for the coming year and Mr. Ro 
Various AIME representatives were named a 
follow Harvey S. Mudd reappointed to the 
Rocky Mountain Income Committee for three 
o succeed C. H. Mathewson 
American Associatic 
Science. Paul Weir 
Washington Award for $150 
27. Scott Turner to ic 
ceed himself on tl Hoover Medal Board of 


Award 


hereby i 

1950, the Execut 
1 to bring before 
following tha 


By Law ) 








SECTION 
ACTIVITIES 


Connecticut Section 

The Connecticut Section met on Dec. 14 with F. H 
Wilson, of the American Brass Co., as the featured 
speaker L. E. Thelin, Chairman of the section 
opened the meeting by emphasizing the service which 
present members can give in suggesting eligible 
candidates for AIME membership. These candidates 
would then be approached by the section member- 


Dr. Wilson's presentation, Intergranular Parting of 
Brass During Anneals, was in effect a preview of the 
paper, of which E. W. Palmer is co-author, to be de- 
livered at the annual meeting in February, and pub- 

shed in the December JM 


Cleveland Section 

rhe 65 men who attended the December meeting of 
the Cleveland Section were treated to a surprise 
louble billing. L. E. Young, President, AIME, came up 
from Pittsburgh to meet the members. Dr. Young 
can best be described as an elderly man with a stimu- 
¥ personality and a youthful and active outlook 
Knowing that the section consists for the 
of metallurgists, Dr. Young, who is a coal 
engineer and executive, confined his remarks 
more general aspects of his recent visits to 

ocal sections and to England and Turkey. His 

nthusiastically received; a return engage 


iano, of Case Institute of Technology, pre 
technical lecture. There was no doubt of 
thusiasm and knowledge of his subject, Evalua 
tion Characteristics of Ferrous Al 
with all the latest available 

the quenching behavior of a 

thin and thick cross sections 


The theory 


i supervised considerable re 

yn the subject in t years and included in 
to his own laboratory 

experience 


$ practical sl ‘onsulting 


Western Section, OH¢ 


yu icted with the big football 


the year, UCLA vs. USC, the Western Section 


Nov. 19 meeting, boasted 86 present at a 


plan program designed to interest both the 
Hearth and the Electric Furnace Divisions, as 
l industry. Technical s¢ 
tail party and dinner a 
lub. During the evening 
ssion iam Greene received a cash award 
ym Don N. Watkins, publisher of Blast Furnace and 
Steel P best paper presented during 1948 
Hal Hibbard esident and chief engineer of the 


Lockheed Aircra Cor was dinner speaker, his sub 


as members 
‘ 


.f) 


ect, Adv 


Rio de Janeiro Section 
At the Dec. 7 meeting of the Rio de Janeiro 
Amaro Lan; professor of the Sao 
Paulo Polytechnic School, gave a talk on the Ali- 
perti Iro1 1 Corp. and its place in the Sa 
Paulo 1 indust The Aliperti corporation 
a mill to manufacture 
material. In 1941 an open hearth 
a second one added two years 


the company has been the 


section 





largest producer of steel in Sio Paulo, with 1949 
production at 27,400 tons 

Economic conditions in the country since the 
war require a complete and radical reform of the 
plant and modifications of the methods em 
ployed with a larger scale of production. An in 
tegrated plant will be constructed in the city of 
Sao Paulo, based on the abundant supply of char- 
coal available there. The expansion program 
foresees a plant of 120,000 tons annually with two 
blast furnaces of 120 to 150 tons each, 4 open 
hearths of 50 tons each and 3 finishing rolls with 
diameters of 250, 350, and 450 mm. Expansion 
must be made in stages; the first has been com- 
pleted, installation of the first blast furnace. Pro 
fessor Lanari explained that technical improve- 
ments in plant practice have enabled manage 
ment to maintain its past price level in the face 
of increasing labor costs. It is also realized that 
only by expansion and increased production can 
lower costs be obtained 


South Dakota School of Mines and Technology 


America’s urgent need for trained professional 
men in mining, metallurgy, and geology was the 
keynote of the Drill and Crucible Club banquet 
South Dakota School of Mines and Technology 
on Jan. 14. Celebrating its 30th year as a student 
chapter, the club is the oldest organization on 
campus. Arthur I. Johnson, consulting engineer 
of Keystune, S. Dak., who was one of the officers 
of the club when it was organized in 1920, spoke 
of the great need for mining, metallurgical, and 
geological engineers in this country, whose future 
welfare depends upon the proper development of 
mineral resources. Warren E. Wilson, president 
of the School of Mines, urged the men “to direct 
energies seriously to prepare for their profes 
sion.”” J. Paul Gries, of the geology department 
announced cash prizes in the AIME national con 
test for papers dealing with aspects of mining 
development and processing. Dr. Gries, who i 
chairman of the Black Hills Section, AIME 
pointed out that the club precedes its official 
parent by about 16 years. Guy V. Bennett, presi 
dent of the club, as master of ceremonies, intro 
duced the speakers 


University of Michigan 


The first field trip of the University of Michigan 
Affiliated Student Society, which, for the convenience 
of the students and the King Seeley Corp., was divided 
into two groups, was to the company’s § Mich 
plant, where students observed zinc die casting, elec 
troplating, and electric timer assembly operation 
The second meeting was a tour of the Kaiser-Frazer 
Corp. metallurgical lab. and included a discussion of 
operations by host Roger Mather, director. On Dec. 6 
C. L. Raynor, chief metallurgist for the Hoskins Mfg 
Co., spoke to the students on the electrical alloys pro 
duced by his company. Mr. Raynor, in his capacity a 
the society’s industrial councillor, : 
the advantages of AIME membership 


o commented ol 


JOURNAL OF METALS, MARCH 1950—459 








Personals —— 


Alexander H. d’Arcambal, Nevzat M. Erkun is wo! 
Gun Factor 
aepal 


Kir 


Va 


G. Stanley Fergin recent! 
K r Aluminum & Chemic: 


al research a 


John B 


nea in 


1a 


spend some time a T on a Me 


p. Recent h n ( } “ 


y? 


rk 


Vernon M. Gray 


1.K. Schellinger, 
f the School 


Mineral Sci 


D. J. Blickwede 


Robert C. Bradley 


\ 


$1000 
fir 
Frederick lL. Brown, Jr 

\ I { 


Walter K. Congreve 
M 


, 


B. Jackson 


George Grunenfelder, 
t F i 
} Montana Scho 
John P. Spielman, wh 
College of Washi t 


Joseph A. Martino, pr 


( has been elec 


Robert F. Mehl, 
at Vv at Cart 


F. Ramsevyer, 
tr ry tr 


re Ly ua 











8 


s 
x 
10 
i4 
if 
1 


” 
1 





16-12 


MARCH 


Chicago Section, AIMI I ‘ 
Khines on recent developments 
in powder metallurgy 
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Pittsburgh Section 
Washington ». « 
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Fast Texas Section 
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D.C., Section 
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AIME, joint meeting, Shore 
ham, Washington 

1S Southwestern Section, Open 

Hearth Committee, Iron and 
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Obituaries 


Walter A 


ineer of 


Janssen (Member 1934) 
Washington. D. C.. died Dec. 17. 
Born Davenport, Iowa, in 1884, he 
from the University of Wisconsin in 

ent to work for the Bittendorf Co 
t becoming ge! 1 superintendent 
idian Steel 


for 


1907 
eventually 
operating manager of Car 
Ltd. he was in Montreal 

had a director 


1 American F 
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and vice-pre 
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Charles Franklin Potter (Associate Member 1906), ating from the University of Michigan in 1915 
retired from professional work in 1935 after He earned his M.S. degree at Michigan on steel 
died last December. Mr. Pot casting research and then went to work for the 
i o the New York Bar in 1883 Detroit Steel Casting Co., becoming research en 

proceeded to acquire special training in min gineer before he joined Climax in 1929 


iw and mir alogy by active practice in 


Arizona, Ca rnis n, Wyoming NECROLOGY 
He wa in om” ind ir ‘ [ number of Date 


mini compan Elected Name Date of Death 
James John Rogers, Jr. (Member 1949) wa 1936 James E. Ash Dec. 17. 1949 
led in iirplane crash on Dec. 22, 1949. Mr 1922 Howard G. Bohlin Jan. 25, 1950 

he Titanium division 1884 W. M. Claypool Der 16, 1949 

ment ¢ he National Lead Co 1919 Frank W. Collins July 28, 1949 

He wi n at Schenectad\ 1940 Harvey L. Garrity Jan 11, 1950 

1925 and receiv iis B.S. degree from 1934 W. A. Janssen Dec. 17, 1949 
University of South Carolina in 1946 1944 Thomas J. Newton Dec. 19, 1949 
Edward Robert Young ( Me mber 1920), with the od per nae 9g st a 
Climax Molybdenum Co. i cas Oe CUR I 1913 Selden S. Rodgers Jan. 8, 1950 
194! Mr. You ’ ins} or an 1949 James J. Rogers, Jt e¢ 22, 1949 
filter 1948 FN. Rupprecht 9, 1949 
radu 1920 Edward R. Youn n 1949 
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Drift 
of Things 


fdward. H. Robie 


Joe Alford Succeeds Bill Strang 
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Petr 


icuiariy 
AIME 
knowledge 
of thei 
are most 


of work necessary 





need some consu to other fuel structive as the A-bomb—just like a little chunk 
present reat of supplies being tossed on the earth, so we gather 
a strike, a : which rarely exist think, it was decided that we should 
producers of competitive fuels Ke ut it will be quite another question as 
the market for coal has dwindled to etn we should ever use it. Certainly not 
that Mr. Lewis recently invoked » it first. And yet, if some one else uses it first 

an effort to prevent an un wouldn 
of stocks. Now even at the any c whether we have the H-bomb or just 
niners cannot get ‘ ass A-bombs, the prospect of war is now 
ponder. Certainly some small per 
of what we are spending on mili 


aiway 


t be here to use it second. In 


i 


days of work 

m have therefore been in ! gC Al 

from work entirely until a ary | ig ld be s it on propaganda and 

work is available to them Instead of ‘ rf ie Armament races 

doing something constructive to provide thi ous ry, have to war. It is a fond 

work, Mr. Lewis continues to harp on ever-in n \ ‘ ng every effort to keep 

reasing wages, the present demand being for $15 ( r compet Ps 1 can achieve “secur 
4.05, and an increasing royalty rworked and misleading word 

old ve a 7 ge had i ning therefore, in newspapers 

income, they snou re jie to ‘ +n 

: : of gordon ls Tt ’ , ; i j i ‘ and the New Ye 

. ce ‘ / ( e, thatec imns of space are being 

the average ' iven to proposals 1 ‘ure world peace and dis 

‘h irmament. Senator Brien McMahon, the high 


. al authority on atomic energy 


take 


good annual 


provide for themselves out 


peen 


he 
peech on the subject in the 
A month before, the House 
coal, which will result in le Foreign Affairs 1mittee unanimously voted to 
mean less work fo! act o1 : 1 resolution HCR 64 
Charles W. Tobey 

do WOK ire behind a resolution declaring it to be the 

of Congress that the United States should 


the strengthening of the United Nation 


d royalty payments \ Sen: 


which will 
have to Nineteen Sen s } id x 


in talking p e 
we have somethi seek its development into a world federa 
so we hereby offer to the 

nodestly call the Robie powers adequate to p 
hour ig ssion through t 


open to all nations with defined and limited 


reserve 
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peace and prevent 
e enactment, interpreta 


the average number of i 
nforcement of world 


al miners per year for, say, the 
d multiply this by the average : ; 
f al ! in ‘ i! ! 1 Feb. 3 Senator 


st two year anc nu 


worked 
t the average yearly earning ~ 
, : \ ibed world federation as a 


amount ay 20°, to this total, and : : * 
Siaiad | ic ; we can take now in our search for 


by the number of hours tha ~ 
ng peac nator Claude Pepper said ‘‘the 


m 


worked if the miners had the oppor - : . 
working forty hours a week for fifty ny aneteese gh a world federation of 
the year This would give a new aver ae 7 ‘us Biven power to prevent wal 
which the miners would go to work. It . - ;' ol ae and enforce law 
be far below the wage they are getting ; publication Anatomy of Peace” a 
it—but they would have f ‘Ss ago, on wl 1 1 commented at some 
ne, several other 


of coal minin books have developed the ibject further, amons 
price aS well the most recent one being Peace or Anarchy 


In to g@ yy Cord Meyer J1 ! The World Must Be Gov 
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earnings would be length in these colum ir 
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immediately begin ! 
le time for the market t rn by Vernon 2 } The several organiza 
would be produced through a con iol ne wo! peace fin: inited their 
our week, but the Federalist 7 £E 
buying pot for $1.50 a year 
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World Governmen 

peen preadi iz fast and 

thousal idditional adherent have been 
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OPEN HEARTH GENERAI 
Puesday, April 11 


(1) Welcoming Remarks 
B E. G. H Dire 
Develo 
al 
mM 
N 


>) Announcements and Reports 
3) MeKune Award Paper 


April ll 


Puesday 


BASIC OPENHEARTH OPERATING 
J hB 


I 


’) dixveen in the Bessemer Converter 
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SESSION 


SESSION I 


Openhearth, Bessemer 
Men to Meet 


p.n Hall of Mirror 
OPENHEARTH OPERATING 


Openh 


Tuesday, April 11 
2:00-5:00 


BASIC SESSION U 


Ch Henzelma! 


Ope ni 
gie-Illir 
Faster Charging Practice 
Paper by Vernon W. Jon 
Armet Ste 


(3) 
Oh} 
Stool Stickers 
Short Papers by: Jone i 
Pittsburgh and C. G. McCabe, Openheart 
Foreman, Wheeling Steel Corp., Ste 
Ohio 
New Mold Coatings 
Paper by Harold publi 
Warren, Ohio. (mov to be includ 
Paper by J. J. Golden, Superin 
Production and Central Mill ; 
Steel Corp., Gary, Ind 
A Method of Nozzle Setting 
Paper by A. W. Thornt 
tendent of 
and Ri 
Keesport, Pa 
Effect of Changes in Roof Design and Elevation 
on Furnace Roof Life 
Paper by R. P. Car 
ae 


ntenden Republi 


(4) 


ibenvill 


(5) 
W } 


ilker, Repu 
b) 

mer 
(7) 


Ohic 
Use of Refractory Throwing Guns for Maintain- 
ing Open Hearth Furnace 


(R) 


Tuesday, 
10°00 n 


April 11 
12:15 p.n North Hall 
ACID OPENHEARTH OPERATIONS 
r. D. Collins, Oper 
ntosh-Hemphi 
Callinan 
Standard Ste 
Win Locomot 
(1) Practical Interpretation of Steel Making 
aper by C. F. Cl Metallurgical! 
eer, Cor al Foundry & Machine C 
Ch 1 
2) Petrographic Study of 


Paper f 
Pa 


P ‘istophe: 


Acid Slag 





ANNUAL FELLOWSHIP DINNER 
fuesday, April 11 


6:00 p.n South Hall 
Reception and cocktail par 
of Mirrors 


7:00 p.m.—Hall 
Ant 


T 











Puesday 


00-5 :°00 


April ll 
pn North Ha 
COLD METAL PRACTICE 
Cc} ? H. M. Parker 

ent, Arm 

C. Solon 

f Git 

City. I 
(1) Substitutes for Pig Iron 


AND BASIC FOUNDRY 


Qi 
oul 





and Blast Furnace 
at Cincinnati 


Paper by G. S. Baldwin, Assistant to 
Division vice-president, Standard Steel 
Works Division, Burnham, Pa 
Paper by Clyde Jenni, Metallurgist, Gen- 
eral Steel Castings Corp., Eddystone, Pa 
b Economics and effect on production 
Paper from R. C. Solomon, Openhearth 
Superintendent, Granite City Steel Co 
Granite City, Il 
2) Charging Practice and its Effect on Production 
Paper by William Schwinn, Keystone Steel & 
Wire Co., Peoria, I] 
3) Quality of Raw Materials and their Effect on 
Production 
Physical and 
lime and spa 
Paper by Geodon McMillan, Metallurgist, Gen 
eral Steel Castings Corp., Eddystone, Pa 


chemical properties of burned 


(4) Cupolas 
Paper by R. L. Baldwin, Chief Chemist, Stanle 
Works, Bridgeport, Conn 
5) Oxygen for Carbon Reduction and Temperature 
Pick Up 
Paper by E. H. Reyer, Openhearth Superin 
tendent Keystone Steel & Wire Co Peoria 
Ill 
(6) Bath Temperature Control and its Effect on 
Quality of Steel Cz —— 
Paper by F. Von Gruenigen and W awther 
American Steel Foundries, Granite City, Ill 
Wednesday, April 12 


9:30 a.m.-12:15 p.m.—Hail of Mirrors 


BASIC OPENHEARTH QUALITY AND 
METALLURGY 
M. Washburn, Assistant General Su 
perintendent, Wisconsin Steel Work 
Supervising Metallurgist 
Armco Steel Corp., Middletown, Ohi 
(1) Effect of Analysis 
i P The Effect of Hydrogen on the Me 
Prope rties of Steel by N. J. Grant 
Professor of Process Metallurgy 
ts Institute of Technology, Cam 
Mass 
The Effect of Aluminum Content on 
al Quality of a Killed Steel’, by 
arson, Chief Metallurgist and In 
‘arnegie-Illinois Steel Corp., Gary 


f 
i 
f 
i 


of Vanadium for Non-Aging 
ls by Samuel Epstein, Re 
Development Department, Beth 
Steel Co., Bethlehem, Pa 
(2) Oxidation in Tapping and Ladle Filling 
Paper by . Brower, Associate Physical 
Chemis U. S. Steel Corp. of Delaware ts 
burgh, J 7. Bain and B. M. Larsen, Super 
Process Metallurgical Research, U. S 
earny, N. J. (High-speed movies 
flow in water and |] streams 
incluc 
(3) Furnace Practice 
Pape! ath Temperature asurement 
nd C ghton, Steel Divi 
thlehem Steel Ce 


Wednesday, April 12 

1:30 a.m 12:15 p.m Pavilk 

BASIC OPENHEARTH pyr temedrngy eee MASONRY 

Ch Wells e! Engineer, South 
} f Steel Corp 


Chairm 


(1) Appraisal of European and American Basic Brick 
Roof Designs 
Paper by R. P. Heuer, V. P., and M. A. Fay 
Ceramic Engineer, General Refractorie Co 
*hiladelphia 
Progress Report on All-Basic Furnace 
Paper by M. F. Yarotsky, Division Superintend 
ent of Steel Production, Carnegie-Illinois Stee! 
Corp., Chicago 
Paper by A. K. Moore, Openhearth Superin 
tendent, Steel Co. of Canada, Ltd., Hamilton 
Ont., Canada 
Comparison of Burned and Unburned Brick in 
Basic Ends 
Paper by E. R. Westfall, Superintendent Mas 
onry Dept Armco Steel Corp., Middletown 
Ohio 
Paper by R. J. Solomon, Openhearth Superin 
tendent, Granite City Steel Co., Granite City 
Ill 
Mixer Linings 
a Progress reports on special refractories 
b Methods of estimating mixer lining thickness 
Paper by Floyd College, Masonry Superintend 
ent, Carnegie-Illinois Steel Corp., Munhall, Pa 
Performance of 96 Pct Magnesia Ramming Mixes 
Paper by A. F. Franz, Executive Vice-President 
Colorado Fuel & Iron Corp., Pueblo, Colo 
Performance of Carbonaceous Ladle Refractories 
Paper by E. B. Snyder, Ref: ictories Engineet 
Wheeling Steel Corp., St« uber 
Paper by Great Lakes Steel Cor 
(7) Super-Duty Silica Roof Brick 
Wednesday, April 12 
2:00-5:00 p.n Hall of Mirrors 


BASIC OPENHEARTH FUELS AND COMBUSTION 
Chairmar J. Morris Brashear, Assistant Superin 
tendent, No. 2 Openhearth, Inland Stee 
Co., E. Chicago 
J. L. Miller, Combustion Enginee: 
lic Steel Corp., Cleveland 
1) Flow and Velocities of Air and Waste Gases 
20-min lead-off paper by H. V. Flagg, Combu 
tion Engineer, Armco Steel Corp., Middletown 
Ohio 
2) The Relation of Heat Size, Infiltration, and 
Checker Design to Fuel Consumption 
Paper by A. J. Fisher, Assistant Chief Ent el 
of Construction, Bethlehem Steel Co Sparrow 
Point, Md 
Optimum Firing Rates (At Various Stages and 
Also Expressed Per vost, of Furnace Length) 
Paper by G. C. P1 t 
Utilization, Ci 
Works, Chicago 
Present Status of Multiple Burners 
Paper by Laurin Woodworth, Car 
Steel Corp., Youngstown, Ohi 
Methods of Training Openhearth Personnel in 
Use of Fuels 
Paper by Barney Dagar 
te ident Kaiser Steel Corp 


Repub 
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BLAST FURNACE, COKE OVEN AND RAW 
MATERIALS CONFERENCI 
Fuesday, April 11 
30 a 12:15 | Pavillon Capri 
ORE AND AGGLOMERATES SESSIUN 
i. A. Strai Director of Raw Material 


Stee 


} 

I 

P or 
L. P. B 
I ! 

I 


An Appraisal of the Iron Ore Resources of the 
World—An American Estimate 
Preprints pape by J. W. G 
Cit ) M l 
esot M eap 
>) Fundamental Factors Influencing the Strength 
of Green and Burned Pellets Made from Fine 
Magnetile Ore Concentrates 
Paper by M. Tige ! 


| Wire I i neseal 


P. E. I Research Fi Jernk 


t) Pelletizing of lron-Bearing Fines by Extrusion 
I t P. B. ¢ h, A t t Dire 
Lh t f | ee! und Met 


v a 


a) 


( 


Fuesday, April il 
on 0 P ( 


BLAST FURNACE AUXILIARIES SESSION 


Y 


( E. H n, Superinte I 


I 
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Tuesday, April 11 

ABR C&D 
COAL AND COKE SESSION 

I K Oo 
K ( 
| ( 

Best Methods of Handling Coal to Reduce Oxi 
dation 
I I 
K ( 
») Coke Button Testing ind the 
Value of Coal 


Agglutinating 


p \ ‘ ef M " 

& W ( , MM 

Maintenance of Coke Ovens During Shut Downs 
P y | | Mel P ; ‘ ‘ ‘ Coke 
> Pitt 


Wednesday, April 12 


30 p 


GENERAL SESSION 
Cromwel Assistant 


nd Cok 
n, Micl 
S. Ste 
1) Present Methods of Grading and Grouping Ores 
Paper by N. H. Ti Chief Ore Grade 
Pickands-Mather C Ironwood, Mi 
2) Ore and Coal Bridge Maintenance 
Paper by Stanley Suplick, Chi 
Bridge Operators’ Engineer 
Bure iu 
3) Blowing Out Carbon-Hearth Furnaces 
Paper by C. P. Johnson, ¢ il Su 
nterlake Iron Corp., Chicag 
H. F. Dobscha, As 
Manager, Republic Stee! Corp 
Preprinted paper by G. D. Se 


ndent Pittsburel 


m 
ma 


} 


en Bla 
Bethlehen 


Wednesday, April 12 


SINTER SESSION 


: ahaa id i Val ‘ il 
ver lron 2 I Cr Dulutt 
Beneficiation of Adirondack Magnetites 
oper bv R. Webb, General! Super 
Plant S rintende 
au Star Lake, N. Y 
Operating Practices at the Portsmouth Sintering 
Plant 
Prepr 


D 
*?} 


Tr . ; H 
Mi a 
Swedish Sintering Practice 
ral by A. W. I 


Wednesday, April 12 


Cc 


OPERATING SESSION 


dv ‘obur Vice Preside 
Br ke Iron C Birdsbot Pa 
Adirondack Sinter in Blast Furnaces 
pr ed paper by E. H. Riddle, Superint« 
Blast Fur e Department, J 
Laughlin Steel Corp., Aliquippa, P 
>) Lessons from a Hanging Blast Furnace 
re i paper ft L. M. Fulton, A 
General Superinte ent Dominion Stee 
( il ¢ Ltd., Sydney, N. S., Canada 
$) Conditions of Outstanding Furnace Operation 
ner by Kurt Neu ed # ; Ae 
Ste Cc I Cc 





Two Types of Grain 
Boundary Migration 
in 
High-Purity Aluminum 


by Paul A. Beck and Philip R. Sperry 


Fig. 1—In grain growth, boundary surfaces migrate 

. toward their centers of curvature. Boundaries in 

TECHNIQUE has been recently developed’ for high purity aluminum, after annealing 2 min. at 

studying grain-boundary migration in aluminum 600°C (1), and after an additional anneal of 30 sec 

and for ascertaining the direction of the migration at 600 C (2). Magnification 75X. 

Successive positions of the grain boundaries are indi- 
cated by etch markings at the specimen surface. The 
latest set of boundaries are identified by the difference 
in color between the areas on the two sides of each 
boundary Each color area corresponds to a certain 
lattice orientation. Electrolytic etching is used to form 
a thin oxide layer on the specimen surface. The 
crystal orientation of the oxide is related to that of 
the aluminum grain on which it formed. The optical 
anisotropy of the aluminum oxide gives rise to the 


color effects with polarized light 





head, Depart 
ind Philip R 
t Notr 





Fig. 2—In recrystallization (grains C, D and E) 
boundary surfaces migrate away from their centers 
of curvature. Strain induced growth of grain A at 
the expense of grain B. High purity aluminum an- 
nealed 90 min at 600 C, rolled 7.5 pet | heavily out- 
ili ll boundaris are movin In a ai lined straight boundaries (1)!, annealed succes- 
toward their centers of curvature. h driv sively 5 see (2), 5 see (3), 15 see (4) and 7 see (5) 
f oF bout y mieratior ‘ at 500 C. Magnification 75X 
tinction } ible between the two 
ain boun ry migration discussed ju 
| ntinu: the familiar differen 
according the inv igation tiation t 1 surface ion induced boundary 
Parker ; nith, ar d migrat r grain growth, and strain induced 
boundary migration or recrystallization. A some 
2 show iccessive erain boundary posi what more detailed description of the latter 
of migrath boundaries in a specimen ofl process is given in a recent publication 
purity aluminum annealed for four succe 
riods at 500 C after a rolling reduction of References 
In this instance, where the driving force ; ; : 
boundary movements is the strain enerev Philip R. Sperry Method for Studying Grain 
oundary mo _— gular ain tities Boundary Migration in Aluminum. Trans. AIME 
tored in the deformed grains, the direction of 1950) 188. 103 
the boundary migration is opposite to that re- D. Harker and E. R. Parker Grain Shape and 
quired by surface energy considerations: the Grain Growth, Trans. ASM, (1945) 34, 156 
boundaries move away from their centers of cur- C. S. Smith Grains, Phases, and 
Y s . «3 +175, 1 
vature. The surface energy which has to be sup- Trans. AIME (1948) 175, 15 
: — . . as . . “ J. E. Burke: Some Factors Affecting the Rate o 
plied in order that this type of grain boundary é ou . aug ~ 
. yI ; ‘ Grain Growth in Metals. Trans. AIME (1949) 180, 73 
we wats when the deformed er os Paul A. Beck and Philip R. Sperry: Strain Induce 
energy gained when the deformed grains are Grain Boundary Migration in High Purity Aluminum 
} 


gradually replaced by strain-free grains Jnl. of Applied Physics, (1950) 21, February issue 


migration may proceed, is provided by the strain- 
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The Immersion Thermocouple 


teel bath temperature control by means of the 

immersion thermocouple is showing considerable 

promise in production plants. Here are reports from 

three users, as presented before the Electric Furnace 

Steel Committee, Iron and Steel Div., AIME, at Pitts- 
burgh, Dec. 8-10. 


PPROXIMATELY 70 pc f British steel cedures, inevitably gives rise to the 


ire produced in foundries em to the rational application of the two techniques 

quick immersion thermocouple That the so-called “quick immersion” method 
ire control ! 

nm, Technical Cor 10 yrs (and recently to some extent 

Ltd., Huddersfield al yn the Continent) and yet be still a com 


1 iy 
ail 


question as 


established itself so widely in Britair 


eve Survey 


1 su rare procedure in the U.S.A. is a point 
the British demands examination. Ha 


iple metl 


hod been over 
ain, the country of its origin, oral 
it not yet received the reco; 
lica dipping tul "O U.S.A. which it perhaps deserves 

hows that in e3 Since the original publications by Schofield 
and Grace in 1937' and 1939° on the subject of 
immersion thermocouple pyrometry as applied to 
liquid steel there have been 


tern 


ed upon th ha 


numerous references 
to the technique both in the British* and Ameri- 
can’ scientific press and it is not proposed to in- 
clude any lengthy description of apparatus 
this occasion 


on 


It is perhaps sufficient to say that the original 
cumbersome immersion apparatus probably re 
quired a trolley to convey the thermocouple 
equipment and usually required two operators 

ie to immerse the thermocouple and the other 
to take a potentiometric reading. This has 
evolved into a very simple one-man outfit 
will give a temperature reading upon 
luminated dial on the furnace stage and ¢ 

time, if desired, a recorded reading 
which may be either upon the 


nv 


ny chosen remote loc 


which 


tio 
AUION 


nanager’'s office o1 











In principle the operation of the dial indicator optical instru n and based 
and the chart recorder as generally used i ipon the BSFA survey of British practice previ 
British steel foundries and steel plant pel ly mention | 
upon an electronic amplifying circuit whic! thermocouple temper » read 
duces a de current directly proportional » take 
applied thermocouple voltage 

It is present British practice to employ 
num-13 pet rhodium platinum thermoco 
using wire of 0.5 mm diam. The 
protected during immersion by 
sheath, usually 125 mm long, 4.5 


m 


reasonable to assume that 


ipplication 


diam and 0.75 mm nominal wall thickne thermocouple 
Compensating leads to offset cold j ‘tion parent unpopulari 


temperature variations are used in all known i mersion-thermocouple 


stances yr 
No difficulty is normally experienced in pe: rs n the 
trating basic electric furnace slags when mi: 
the thermocouple immersion in the bath 
operation which is assisted by the use¢ 
graphite (old electrode) block at the junct 
the silica sheath and the main tubula 
thermocouple housing. The function of 
graphite block is of course primarily to } ’ n DV 
the steel tubing but in taking openhearth and l and \ ! ptical pyrometry 
arc-furnace temperature readings it has the ap) a rdin ‘t routine will 
practical advantage of floating the equipment o1 ve ; ymparal ida i control 
the slag so that the couple projects into the liquid ic} 1 foundri would M ad 
steel below 
Ladle temperature measurements 
quire preliminary clearing of the 
fracture of the silica sheath 
For high-frequency furnace applicatio 
of course no problems of sl 
the whole thermocouple 
construction, with no 
ily 4 ft « i 
le during the early developmen 
immersion pyrometry considerable trouble 


rotect 


wr so of overall lengtl 


taken in the calibration of 

itself, such measures are n ) lal prac 
in Britain at this present date, it being foun 
that the inevitable wastage of thermocouple 
during the immersion proces autom: 
causes the elimination of any con 

embrittled platinum or platinum alloy wire 


would otherwise introduce 


j pws use of platinum immersion thermocouple 
7 | ’ 
reading ‘ ‘ : for me; it mol | temperature in 
. me . ntrs lloy i lat ie Republic 
is getting ‘ ‘ - . . , R 
‘ Ul WwW tli »y I i 
hile it y i I ! ion I , 
While l l r I He public > re I ! i} imme! 


mpio! 


rsion therm 
cnown i 

probably 

he matte 

, 





final report 





erating Practices 
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There are 


, 
mALU 


ndition a mechanic 


were used, two in the rear 

This arrangement gave 
the bed and considerably 
had previously been ex 
lition fuel consumptio1 
over the previous se 


furnace 


a 


’ 


source of trouble 
le Was equipped 
tion 1 x 1's i 
after two sea 
f 600,000 ton 
the 1947 
a scariner 
These rails with 
id a Slightly wider 


produced over 800,000 ton 
ut any aj 


appreciable sig 


the Evergreen 
their coke 


? 
( 


¢ 
t 


iti 
iccording 


3 


ished by 


minimum sizes they could produce 


signed The '5 x 
welded to the 1 x 8 
made up and kept o 
bar, instead of beings 
mounted on 2x 4x7 
end with another rubber 


ll 
on top of the bar at each ¢ 
acti 

ip of a housing 
an off-balance cr: 
the c 
3 hp motor using 


mounted on 


The re-designed “fluffer 
to the 1948 operating season 


449 tons of sinter 
change 


were pl 
1947 


per eri 


while in 
nter produced 
lis fl@ure was 
credited chiefly 


th 
I 


returns and lower sintering 


i more porous bed 
in. slots are 
requires Six 


A 


Slotted 


used this 1 


as a intering 


breeze in a rod mi 
ninus ', in. The coke 

royed in the fire and it wi 

ppliers for a prepared size 


head-of-the-lakes 


16 in 


Comparisor 
pite of the lars size fuel tl 


mesh 


lé 


consumed pe! 


ry 
IThé 


radually 


tro ible \ al ex felt 
place on the bat cl 

the constant mn 
1 proven that the 


1 it was re-de 


1 
pal 


1ined constant ; 
r has been 
crude ore for 
and this 1 
produced 
the 1949 
production 
1658 ton maxim 
month of 
were 
CG 
opera 
pract 


that 


ical 


? 


1S¢ increased produ 


with most 


j chine oday 


ion. The vibrator moun 


there 


nacnine 


Prior 


Mines Co. ha 


ha hown 


rods were 
inits were 
replacement. The 
ed on springs, wa 
rubber blocks 
block of 


nd t 


wa 
During 


“oduced 


were 
bar change 


729 ton 


1949 
This i 
hearth layer of sinter 
temperatures due to 
grates with !4 x 23, 
Each pallet 


1945 
preparing 
ll, grin ig the fuel 

was de 

sary to call on 
This was furn 
urnace but the 
were minus 
that in 
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Lessons From a 





anging Blast Furnaces 


igh pressure gas 


fhe blast furnace concerned used an ore high Blowing-Through: When ! 
1e stock, ejecting 


, 
in silica and phosphorus and a weak coke high uddenly blows up through tl 
in sulphur. After it was provided with high blast material from the bleeders 


temperature and a revolving stock distributor, it : } 
Check: An intentional reduction of blast vol 


leveloped hanging . 
; ime of considerable magnitude for any purpose 


Two types, known as clean and sticky hang 
were encountered. Sticky hanging could be Where the adjectives “Uniform” and “con 
tered to the clean type by temporary use of ant” are used, they must be interpreted rathe! 
cess lime or could be reduced greatly in frequency liberally to mean approximate rather than 
by use of a charge with a high center of gravity trictly defined conditions 
on the bell. Clean hanging was practically elimi The Furnace: The furnace concerned is No. 1 of 
nated by using extra coke when the gas tem the Dominion Steel and Coal Corp.'s integrated 
perature dropped below a critical level but thi teel plant located at Sydney, Nova Scotia, in the 
actice gave undesirably high silicon middle of the coal areas of Cape Breton Island 
At present the furnace has a carbon hearth of 
18 ft 3 in. diam. It is just under 79 ft. from the 
iron notch to the bottom of the closed bell. A 
dimension which will be referred to later is the 
height of the bosh, measured from the center 
; line of the tuyeres. This dimension, measured by 
From general thermochemical principles, along the cooling line method. is now 13 ft 3 in 
ith the particular experiences in this operation 
of hanging was derived. The theory Wabana Ore: Exclusively used is Wabana Ore 
observed correlations of hangin ith mined by the corporation from extensive under 
rature and silicon. Furnace ea areas which outcrop on Bell Island, New 
y the theory as responsible foundland. The ore is mined from two seams 
ig opportunity to change which differ in the amount of silica. It is blended 
wa use in the blast in shipping and in stocking at Sydney to give 
hanging while allowing fairly uniform silic: n without further treat 
made men Th ize of the ore as received i 41 
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Iron, Slag 


Before Modernization 


Modernization 





Coarse material 
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Finer material 
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Rapid melting 
Top of bosh. 


e¢ Tuyeres 
sLiquid level 











Fig. 1—The three heat zones of a blast furnace 
fitted with a McKee distributor 
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Study 


Records 


wore down 


sometimes re- 
‘eatment, but in 
More often the 
riven in blanks (five 
seemed to aggravate the 
through which were so 

ype of hanging 
observed, with sticky hanging there 
bance of the normal inverse vari 
Silicon and sulphur, the latter 
with ) icon instead of the 
excess lime was 
yhur. Whe 


was 


for sticky 

an undoubted 
1 extra coke to 
yllowed. The 


immediately 





} 
Sydney with a scale model furnace (2 in. to 1 ft) 
The coke ! nd limestone were also sized i! 


proportion to the sizes actually used in No. 1 


model furnace was fitted with skip 


a revolving distributor 


ity of the furnace contents was high 


iirly uniform for the annular ring bounded 

the wall. Here all three con 
ts were present in an average proporti 
he sizes charged 


nh ore Was piace 


it was lighter 
However, it 
as with the 


ore first charge 


Whether coke or ore was placed on the bell 
ilways a central column contain 
proportion of coarse material 
re first on the bell the cen 
coke was slightly greater in 
ith coke first 


preheat zone is to heat 


e it is ready for the fi 
ision zone begins to 
moves downward the 
ntil eventually rapid 
level at which rapid 
lower boundary of the 
ni persist in this soften 
y the upward force of high 
therefore a gas permeable 
pporting the preheat zone 
iperheat zone below. In it 
this diaphragm is semi 
ienting effect of its sticky 
The depth of this semi 
if the range of tem 


and 


heat zone is based on experiments made in 


iyere size was being changed. When one of the 
tuyeres was removed from the cooler a small 
amount of coke followed it. In this coke there 
were a few small fragments of a very limey ma 
terial. Raking of coke was begun and continued 
about twenty cubic feet had been removed 
he furnace, all coming from the region just 
above the tuvere 
The later portion of this coke contained an 
appreciably greater percentage of these limey 
fragments, some of them holding embedded small 
coke. Presumably if raking were further con 
tinued the proportion of lime found would in 
crease as the material came from higher regions 
of the superheat 
The primary slag formed at the relatively low 
t 


zone 

temperature of rapid melting flows down through 
the coke and lime of this zone acquiring heat as 
it goes. This additional heat allows it to absorb 
additional lime until, when it reaches the lower 
boundary of the superheat zone, it has completed 
ts quota 

The raw metal as it trickles through this filter 
bed of hot coke and lime is heated and refined 
Among other changes it picks up silicon 


The Cause of Hanging 


fith perfectly uniform materials, uniformly 
ributed, and with gas flow likewise uniform, 
he level of the fusion zone would remain con 
stant. However, this is not true of blast furnaces 
There is enough irregularity in even the smooth- 
est working furnace to cause some Variation in 

the level of the fusion zone 
If the fusion zone lowers sufficiently the semi 
rigid porticn of the floating diaphragm will come 
to rest 1 the top of the bosh. There it must 
it becomes hot enough to flow into the 
area below. The pause allows the con 
tinuously lowering coke and lime of the superheat 
1 space beneath the bridge-like 

diaphragm 

The weight of the preheat zone stock pressing 
this immobilized sticky mass tends to close up 
1annels through the diaphragm and so 
o the upward flow of gas 
and the initial stage of 
With a weakly-knit dia- 
tock above may break it 
process being outwardly 


in the central por 

as below may break 

rh to rht central column of coke in 
preheat ihen this happens the gas 
- i irge upward, opening 
door and ejecting coke 


ind stone. This 


} iniformly strong 
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intil only 

he tuyeres. To 

to bring the blast 

whole weight of the 

the bridge to let 
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ticky hat 
through the 
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No one would charge lime enough to cause this 
delay in forming a fluid slag at the bottom of the 
fusion zone unless it was thought essential to 
give the slag certain properties, particularly the 

to take care of sulphur. The temperature 
lower boundary of the fusion zone, there 
is greater for a high line charge than fora 
However, with a uniform proportion of lime 
he charge the temperature of rapid melting 
it the bottom of the fusion zone is constant 

With uniform materials, therefore, the fusion 
zone is bounded at the top and at the bottom by 
constant temperature surfaces. Consequently 
whatever the distance between top and bottom 
or at whatever level the fusion zone lies, it will 
ilways be at approximately the same tempera 
ture 

Not only is the fusion zone stock at a constant 

re, but the gas leaving it is also at a 
constant temperature. The differential in tem- 
perature between the heating gas and the heated 
tock remains approximately constant for any 

n stock temperature 

As the fusion zone drops lower in the furnace 

igs its diaphragm closer to the top of the 


coke column it brir 
i bosh and thus closer to the start of hanging. The 
flo\ as, leaving the fusion zone at a constant tem 
é must travel further through the ma 
rial of the preheat zone to reach the stockline 
equently, as the fusion zone drops and hang- 
approaches there is a decline in the top gas 


emperatu 


re 
ny} re 


1 
Study of the data on gas declines and hanging 
t 


disclosed that the gas temperature could be al- 
lowed to drop to a certain level before there was 

much danger of hanging. Thereupon it became 

tandard practice to charge extra coke when the 

as temperature dropped below this critical level 

Silicon depends to a considerable extent on 

he ance the molten materials from the 

fusion zone have to travel through the hot coke 

and lime of the superheat zone. As the fusion 

or falls, this distance increases or de- 

propo! ases and the silicon in the iron tends to rise 
Consequently, silicon usually dropped 


with the gas temperature before a hanging 


a uniform height of fusion zon 
avoid hanging, the 
iron will be determined largely by two 
rhe first is the amount of contact of the 
products of the fusion zone with the hot 
nd lime of the superheat zone. The second 
ge temperature le superhe: 
acting to incre; Silicon is 
molten materials with hot coke 
vith hot lime will not reduce 


\ 
herefore, if a greater proportion 


ined in the superheat 2 » the silicon 


lower in the iron, even though the tem 
is abnormally high 
a thicker average layer 
raveling over the hot coke 
of contact and consequen 
: driving would have this effect 
considered likely that more lime 
superheat 
Vy, no attem 
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There remained the possibility of making lower 
Silicon iron by reducing the average temperature 


of the superheat zone. To do this, either the 


temperature at the top or the temperature at the 
bottom, or both, would have to be lowered 

Since the top of the superheat zone is immedi 
ately below the level at which rapid melting 
takes place, the temperature will be determined 
by that of rapid melting. This, as has beer 
noted, depends on the amount of lime in the 
charge Lowering the te mperature at the top of 
the superheat zone, therefore, meant reducing 
the proportion of lime in the charge 

There was no apparent reason to expect that 
the slag would handle the sulphur with less lime 
than was being used. For decades operators had 
been trying to get along with as little lime as 
possible. No attempt, therefore, was made at this 
time to reduce the top superheat zone tempera 
ture by reduction in the lime ratio 

To lower the average temperature of the zone 

seemed necessary, therefore, to lower the tem 
perature at the bottom This temperature is 
l ly determined by the flame temperature at 

tuyeres, and the latter could be lowered in 
ne Wa\ 

The most common method of lowering the 
flame temperature is by reducing the blast tem 
perature. This had already been tried as a cure 
for hanging, which previous experience had in- 
dicated it might prove to be. However, a reduc 
tion of over 300 F had failed to prevent hanging 
and had been costly in tonnage and coke. This 
method reduces the heat of the preheat zone but 
also lowers the total available heat of the furnace 

Injection of cold materials at the tuyeres, ma 
terials which ordinarily are charged at the top 
would not reduce the total available heat because 
they have to be heated in any case. However, in 
jection of coke or of lime, the only two suitable 
materials, presented major mechanical and op 
erational difficulties, and this method was not 
tried 

Injection of steam into the blast was the easi 
est met and also the most promising one for 
lowering flame temperature without much 
reduction in the total heat available 

At the tuyere steam reacts with coke to form 
arbon monoxide and hydrogen. The reaction 
lowers the flame temperature and consumes only 
as much coke as would be required to form a 
volume of carbon monoxide from air equal to 
hat formed from the steam. This carbon mon 
xide is a more effective reducing agent for ore 
oxides than an equal volume formed from air b 


iuse it carries with it no diluting nitrogen 


The hydrogen formed is also an excellent re 

icing agent for most purposes better than car 

on monoxide When a unit of hydrogen 
with to become stean } 
‘e all the heat it 
If a large propo! 


recombines with oxy 


blast, just as it entered the stove 
The materials required were a few lengths of! 
2 in. pipe, a valve for each stove, one for the con- 
and a recording steam 
meter on the line to the stoves which was 
checked at intervals by a simple wet and dry 
bulb device connected to the hot blast main 
First, the furnace was given extra coke and 
when the silicon began to rise the steam was 


1] 


turned on in small volume. The silicon soon 


nection to the steam main 


dropped to normal and the process was repeated 
cautiously. Eventually, not without some errors 
and adjustments, freedom from hanging was 
achieved with silicon closely controlled at the 
desired level 

The total blast moisture required to secure this 
result was from 1.8 to 2.0 lb per thousand cu ft 
of dry air, or 12 to 14 grains per cu ft, when using 
a blast temperature of 1300 F 

The tonnage rose to and remained steadily at 
a higher level than ever before while no increase 
in the coke rate was observed 

A considerable decrease in the amount of lime 
required to handle the sulphur was noted. The 
cause of this decrease was somewhat obscured by 

of an which 
have been the most important factor 

At the time only one of the four ore mines was 
being operated due to lack of orders. This mine 
gave the lowest silica ore which ordinarily was 
blended with the production from the other 
mines. Available analyses were limited to those 
made at Wabana as the cargoes were loaded. In 
the pile at Sydney these were mixed to some ex 
tent with blended ore previously obtained 

As a consequence of this probability that lower 
silica ore was responsible for the lower lime 
isage with the steam method, the other prob 
ability, that the steam method itself required 


less lime, was not investigated 


especially low silica ore 


Changes in Furnace Design 


Although very satisfactory operation was ob 
tained by using steam in the blast it was recog 
iized that this practice was made necessary by a 

esign not suited to the iron-making 

used Nith a properly designed fur 
nace was hoped that the uniform, although 
inusual materials available would give free 
stock movement and uniform iron of the desired 
quality 

Hanging wa aused by th gid dia 
phragm of the fusion ! ‘“omin: t on the 
top of the bosh because, either from lack of 
heating time or from the amount of lime 
‘~harge, it was not hot enough to flow freely 

n would aid in preventing thi 

first was a lower bosh, and the second, more 
reheating space. The lowe h in itself would 
ichieve both result inless ome unexpected 
reason there should be a critical bosh height be 


low which good operation could not be secured 
of No. 1 Furnace 


han the previou 


;a cool 


made without n 


ral alteration n addition, the pre 


thinner above ntle and thereby } 


more preheatin 


is impossible apportion l between 


I 
the improveme has been 


these two change 
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ndustry’s demand for larger and 
larger hollow forgings is making it 
necessary to cast ingots in sizes be 
yond anything ever before attempted 
Recently Bethlehem Steel Co. has 
completed an ingot mold believed the 
largest in existence, capable of pro 
ducing an ingot of 134-in. diam 
weighing approximately 720,000 Ib 
Shown here is the stripping of the first 
ingot cast in this mold, in No. 3 open 
hearth at the Bethlehem plant. Ingots 
of this size will be used in making the 
hollow forged vessels of large inside 
diameter required by the chemical in 
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Graphite Electrodes 


Thermal Gradients and Strains During Rapid Cool- 

ing. When an electrode column is pulled rapidly 

out of an electric steel furnace there results a ter- 

rific thermal shock. The degree of this shock is 

calculated, and measurements are described to 

determine thermal conductivity, thermal expansion, 
modulus of elasticity and strength. 


by H. G. MacPherson 


irnace must gradients are created and thermal strains are 
temperature developed 


must be a It is assumed that the 


TIYHE e! 
l with 
operating electrodes come to equl 
ily refractory ibrium inside the furnace at the temperature of 
Graphite he bath, or approximately 1650°C, or 300°F, and 
propertie that the electrodes are pulled out of the furnace 
sirable properties of rapidly and cooled from the surface by radiation 
equired to meet the oper to the surrounding atmosphere. For purposes of 
iodern electric steel furnaces calculation the 18-in. diam. electrode was divided 
is due to the fa that into annular zones 5 mm in thickness and each 
impose gre: r zone was treated as thous it were at a uniform 

he electrodes th; temperature The outside zone was considered 
industrial proce to lose its heat by radiation to cold surroundings 

! } according to the Stefan-Boltzman law 
Q — eKkAT 

ere A is the area of the surface, T is the abso- 
temperature, e is the surface emissivity and 
rhis paper was presented before the Seventh Annual ¢ is the Stefan-Boltzman constant. Calculation 
Electric Furnace Steel Conference, Iron and Steel is carried out by small time intervals chosen to be 
Div.. AIME, Pittsburgh, Dec. 8-10. H. G. MacPherson f 1-sec duration. Initially all zones in the elec- 
is an engineer with National Carbon Corp trode are at a uniform temperature of 1650°C 
During the first second it is assumed that only 


rood c¢ 
and 
OSSE 


I 
Further 


nation of 


encoul 
Graphite 


thermal 








the outside zone loses heat, in an amount cor 
responding to that which would be lost by radia 
tion from the surface. This drops its 


temperature 
by the amount 


Q 


where @ is the amount of heat lost 
ond. C 


the 


al ] during a sec 
the specific heat at the temperature of 
zone, d is the density of the graphite and V 
the volume of the zone This amounts to a 
drop in temperature of about 44°C in the first 
econd 
During the nex ec period, the outside zone 
therefore temperature of 1606 C and 
t ré corresponding to this new 
temperature. However, now, in addition 


+ 


a 
ing heat, it also receives some heat by ther- 
mal conduction from the next inner zone because 


i temperature gradient has been set up over the 
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Fig Calculation of temperature distribution 
for the first few seconds of cooling 


Fig. 2—Temperature distribution across a diame 


ter at the end of one and two minutes of cooling 
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Titanium Binary Alloys 


by C. M. Craighead, O. W. Simmons, and L. W. Eastwood 


Binary alloys of titanium with silver, lead, tin, nickel, copper, beryllium, boron 
silicon, chromium, molybdenum, manganese, vanadium, iron, and cobalt were studied 
One-half-pound ingots of the alloys were prepared in an arc furnace, employing a 
water-cooled copper crucible, an argon atmosphere, and a water-cooled tungsten 
electrode. The half-pound ingots were fabricated by forging at 1700°F in air to 
1/4-in. slab, followed by hot rolling at 1450°F to 0.060-in. sheet. Tensile proper 
ties, minimum bend radii, hardnesses, response to heat treatment and aging treat 

ment, and phase relationships were determined for these alloys 
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Effects of Various bricating Techniques 


Method of Fabrication 
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Table Il. Comparison of Properties of Titanium Alloys in the As-hot-rolled and Heat-treated 
Conditions 
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Properties of Titanium Binary Alleys 
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Fable VI. Properties of Binary Titanium Alloys Prepared from Process A Metal Base (Group IV Elements 
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fable VII. Properties of Binary Titanium Alloys Prepared from Process A Metal Base (Group V_ Elements) 
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Fig. 23—Tentative dia- 

gram showing trans- 

formation range of 

titanium—0 to 5 pet 

molybdenum alloys 

made from process A 
metal. 








Fig. 24-26—Typical structures observed in binary 
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A metal. 
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Table LX. Properties of Titanium Binary Alloys’ Prepared from Process A Metal Base 
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Fig. 36—Effect of aging on the hardness of 
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process A metal. 
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Fig. 44—Effect of solution tem 

perature on the hardness of titan 

ium-cobalt alloys prepared from 
process A metal 
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Fig. 43—Tentative diagram show 
ing the transformation range of 
titanium—0 to 3.0 pet cobalt al 
loys made from process A metal. 
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Fig. 45—Relative effects of alloying additions on the tensile properties and hardness of binary titanium 
alloys prepared from process A metal 
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Ternary Alloys of Titanium 


by C. M. Craighead, O. W. Simmons, and L. W. Eastwood 


The results of a preliminary study of 113 ternary titanium-base alloys are described. The com 
positions investigated were as follows 
1. Ternary titanium-carbon alloys containing copper, silicon, vanadium, chromium, manganese, 
iron, or cobalt 
Ternary titanium-nitrogen alloys containing chromium 
Ternary titanium-chromium alloys containing additions of vanadium, molybdenum, tungsten, 
cobalt, or nickel 
Ternary titanium-manganese alloys containing additions of silicon, chromium, tungsten, or 
iron 
Tensile properties, minimum bend radii, hardnesses, response to heat treatment and aging treat 
ment, and phase relationships for these alloys were determined 
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Table I. Properties of Ternary 


Titanium-Carbon Alloys’ Prepared from Process A Metal Base 
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fitanium Copper arben (0 


Titanium Silicon arben (0 


Titanium Vanadium 


Titanium Chremium 


Titanium Chromium Carbon 


Titanium Manganese Carbon 


itanium 


Titanium 





Fig. 9-11— Typical structures observed in 
titanium-chromium alloys containing 0.25 
and 0.5 pet added carbon, made from process 
A metal. 
Fig. 9 (upper left)——-Heat WG45, 4.27 pet Cr, 
0.25 pet C (nominal). 
Quenched from 14150°F in the + + TiC field 


ground is transformed with fine particles of 
and larger gray islands of Ti€ rier 


Back 
alpha 


Fig. 10 (upper right)—Heat WG45, 4.27 pet 
Cr, 0.25 pet C (nominal). 
+ TiC field. Acicutar 


Quenched from 1550°F in the 
shown ine 


sipha (transformed beta) and carbides are 


Fig. 11 (lower left)—Heat WG68, 3.35 pet Cr, 


0.5 pet C (nominal). 

Quenched from 1550°F in the + Tit field Acicula 

alpha transformed beta and carbide 
shown oox 





particles are 


“= 


Fig. 12-13 — Typical structures observed in 


ternary titanium-manganese-carbon alloys 


made from process A metal. 


Fig. 12 (left) —Heat WC59, 2.24 pet Mn, 0.15 
pet C, 0.019 pet N, 0.20 pet W. 


+ + Tic field Large 


ched from 1450°F in the 
ieular alpha 


Que 
‘ fine arhbides n an ac 


ds of alpha and 
transformed beta) matrix are shown. 500X 


13 (right) —Heat WC59, 2.24 pet Mn, 0.14 
pet C, 0.019 pet N, 0.20 pet W. 


hed frow 1T7oe F in the + Tit fleld Me 
formed beta) and the carbide phases 


Fig 


Quer 
alpha (trans 
llustrated 
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Properties of Titanium-Chromium-Nitrogen Ternary Alloys 


Table 
Minimum Tensile 

Bend Strength 
VHN Radius, In psi Radius 
ium-Chromium-Nitrog 


um-Chromium-Nitregen 


Ternary Alloys Prepared from 


Titanium -Chromium-Nitrogen 


1\ Aging and Heat-treating Data for 
Process A Metal Base 
‘ ‘ ' After 
ed r nt 


eatme 


eat-Treating Data 


Alloys Containing Additions of Vanadi 
Metal Base 


Nickel 


ritanium-Chromium 
Process 


Properties of Ternary 
um, Molybdenum, Tungsten, Cobalt, or 





Table V (continued). Properties of Ternary Titanium-Chromium Alloys’ Containing Addi 
tions of Vanadium, Molybdenum, Tungsten, Cobalt, or Nickel—Process A Metal Base 


Composition, Pct As-Hot-Relled Temper Heat Treated l600°r 


€ Intended j 
Heat No ‘ Tensile Elong Minimum Tensile Flong Minimum 


Bend Strength Petin Bend 


Strength r 
VHN* Radius,’ In psi 1 In Radius 


in 


t 
psi it 


Titanium Chromium Vanadium 


Titanium Chromium Molybdenum 


Titanium omium Tungster 


Titanium 


Titanium romium 


Titanium 


nium smium Nic 


Titaniun 
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Containing Additions of Vanadium, 


| Metal Base 


Aging and Heat-treating Data for Titanium-Chromium Alloys 
Molybdenum, Tungsten, Cobalt, or Nickel—Process 


Table VI 


Heat-Treating Data 


« After Indicated Treatment Vickers Hardne After 
Indicated Treatment 


Heat Heat Heat Heat c Aged 75 
Treated Treated Tre ve Indicated Time 


Treated Treated 
ieouet revere i 


110° reek 


nium-Chromium-Vanadium (1.0 Pet Vv 


um-€Chromium-Vanadium 


Chromium 


um-Chromium-Tung 





Table VI (continued). Aging and Heat-treating Data for Titanium-Chromium Alloys’ Containing Additions of 
Vanadium, Molybdenum, Tungsten, Cobalt, or Nickel—Process A Metal Base 


Heat-Treating Data Aging Data 


Vickers Hardness’ After Indicated Treatment Vickers Hardness’ After 
Indicated Treatment 
Compesition, Pet 


Heat Heat Heat Seat Heat Heat As Hot Rolled®. Aged 750°R 


As Hot Treated Treated Treated Treated Treated Treated for Indicated Time 
Rolled®  1450°8 I5e°r’ «160008 1650°R" Te@oR!  TTOOPF 


Intended 


Titanium-Chromium-Nickel (1.0 Pet 


Titanium-Chromiam-Nickel (2.0 Pet Ni 


Fig. 14—Effect of 0.25 pet carbon on the trans Fig. 15—Effect of 0.25 pet carbon on the trans 
formation range of titanium—®0 to 5.0 pet copper formation range of titanium—® to 5.0 pet vanadium 
alloys made from process A metal. alloys made from process A metal 
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Table VII. Properties of Ternary Titanium-Manganese Alloys 


JOURNAI 


F 


Composition 


METAL 


with Additions of Silicon, Chromium, Tungsten, 


or Iron—Process A Metal Base 


As-Hot Rolled Temper 


Titanium -Manganese Silicon 


Titanium -Manganese-Silicon 


Titanium -Manganese Chromium 


Titanium -Manganese-Chromiam 


Titanium -Mangane Tungsten 


Titaniam-Wane 
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rat Treated 1600°F 


Elong Minimum 
Pet in Bend 
Radius,’ In 


Minimum Tensile 
Bend Strength 
Radius, In psi i In 


1.0 Pet Si 


-.0 Pet Si 


> 0 Pet Cr) 





with Additions of Silicon, 


Table VII. Heat-treating and Aging Data for Ternary Titanium Manganese Alloys 
Chromium, Tungsten, or lron—Process 


A Metal Base 


Heat-Treating Data Aging Data 


Vickers Hardness’ After 


Vickers Hardness’ After Indicated Treatment 
Indicated Treatment 


Composition, Pet 
s Hot Rolle a 75 
Heat | Heat Heat Heat Heat | Treated | 4* Hot Rolled’. Aged 750°8 
fer Indicated Time 


As Hot Treated Treated Treated Treated Treated 
Intended Rolled 1ijeek 1550°k LOO0°E 1650°8 1 700°F 


Titanium-Manganese-Silicon (1.0 Pet Si 


Titanium-Manganese-Silicon 


Titanium-Manganese-Chromium (1.0 Pet Cr 


Titanium -Manganese-Chromium (2.0 Pet Cr 


Titanium -Manganese-Tungsten oPet W 


Titanium -Manganese-Tungsten OoPet W 


Iror 0 Pet Fe 


Titanium -Manganese 


Titanium-Manganes 
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Fig. 18—Effect of 0.25 pet carbon on the trans 


0 to 10 pet manga 
A metal 


titanium 
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nese alloys made process 
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Fig. 16—Effect of 0.25 
pet carbon on _ the 
transformation range 
of titanium—0 to 5 pet 
chromium alloys made 
from process A metal. 


Fig. 17—Effect of 0.50 
pet carbon on_ the 
transformation range 
of titanium—0 to 5 pet 
chromium alloys made 
from process A metal. 
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Fig. 19—Effect of 0.5 pet carbon on the trans- 
of titanium—0 to 10 pet manga- 


formation range 
made from process A metal. 


nese alloys 





RON, PER , 
Fig. 20—Effect of 06.25 pet carbon on the trans 
formation range of titanium—0 to 2.0 pct iron 
alloys made from process A metal. 
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Fig. 22—Effect of solution treatment on the hard 
ness of titanium-copper-carbon alloys prepared 
from process A metal. 
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Fig. 21—Effect of 0.25 pet carbon on the trans- 
formation range of titanium—0 to 3 pet cobalt 
alloys made from process A metal. 
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Fig. 23—Effect of solution treatment on the hard- 
ness of titanium-vanadium-carbon alloys prepared 
from process A metal. 
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25—Effect of solution treatment on the hard- 
of titanium-iron-carbon alloys prepared from 


Fig 
process A metal. 


ness 


24—Effect of solution treatment on the hard 


Fig. 2 
ness of titanium-manganese-carbon alloys prepared 
from process A metal. 








Fig. 26—Effect of aging on the hardness Fig. 27—Effect of aging on the hardness 
titanium-copper-carbon alloys pre of titanium-vanadium-carbon alloys 

pared from process A metal prepared from process A metal. 
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4 3 
AGING TIME AT 752°F HOURS 


Fig. 28—Effect of aging on the hardness Fig. 29—Effect of aging on the hardness of titan- 
of titanium-manganese-carbon alloys ium-iron-carbon alloys prepared from process A 
prepared from process A metal. metal. 
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Fig. 30—Aging curves for a titanium-copper-car Fig. 31—Aging curves for a titanium-manganese 
bon alloy (heat WC26), prepared from process A carbon alloy (heat WC58), prepared from process 
metal. A metal. 
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Fig. 32—Aging curves for a titanium-iron-carbon Fig. 33—Aging curves for a titanium-vanadium- 
alloy (heat WC33), prepared from process A metal carbon alloy (WC71), prepared from process A 
metal. 
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Fig. 34—Effect of nitrogen on the properties of as 

hot-rolled titanium-chromium alloys’ prepared 
from process A metal 


Ternary Titanium-Chromium-Nitroge lloys 
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Fig. 35—Effect of 0.1 
pet nitrogen on the 
transformation range 
of titanium—0 to 5 pet 
chromium alloys made 
from process A metal. 








Fig. 36—Effect of 0.2 
pet nitrogen on the 
transformation range 
of titanium—0 to 5 pet 
chromium alloys made 
from process A metal. 


RE °F 


TEMPE RAT 


Fig 37-38—Typical structures observed in ternary titanium-chromium-nitrogen alloys made from 
process A metal. Fig. 37 (left)—Heat WG175, 2.5 pet Cr, 0.20 pet N (nominal). Fig 38 (right)—Heat 
WGI175, 2.5 pet Cr, 0.20 pet N (nominal). 


Fig 7) Quenched from 1700°F in the + field. Islands of alpha are in an acicular alpha ‘transformed beta) matrix aor 
Fig 38) Quenched from 1750°F in the field Acicular alpha (‘transformed beta) is shown ox 
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*ROMIUM N N 


Fig. 39—Effect of vanadium on —_, properties of Fig. 40—Effect of molybdenum on the properties 
is-hot-rolled titanium-chromium alloys prepared of as-hot-rolled titanium-chromium alloys pre 
from process A metal pared from process A metal. 


Fig. 41—Effect of tungsten on the properties of as Fig. 42—Effect of cobalt on the properties of as 
hoet-rolled titanium-chromium alloys = prepared hot-rolled titanium-chromium alloys prepared 
from process A metal from process A metal 
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Fig. 44—Effect of 1.0 and 2.0 pet added vanadium 

on the transformation range of titanium—2.5 to 

5.0 pet nominal chromium alloys made from 
process A metal. 





HROMIUM CONTENT, PER CENT 
Fig. 43—Effect of nickel on the properties of as 
hot-rolled titanium-chromium alloys prepared 
from process A metal. 





Fig. 45—Effect of silicon on the properties of as Fig. 46—Effect of chromium on the properties of 
hot-rolled titanium-manganese binary alloys pre as-hot-rolled titanium-manganese binary alloys 
pared from process A metal. prepared from process A metal 
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the properties of Fig. 48—Effect of iron on the properties of as-hot 
rolled titanium-manganese binary alloys prepared 


tungsten on 
binary alloys 
from process A metal. 


Fig. 47 Effect of 
as-hot-rolled titanium-manganese 
prepared from process A metal 
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Fig. 49—Effect of 1.0 and 2 
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Quaternary Alloys of Titanium 


by C. M. Craighead, O. W. Simmons, and L. W. Eastwood 


Eighty-four quaternary titanium-base alloys from the following 
systems were investigated 
1. Titanium-chromium-carbon-nitrogen 
2. Titanium-chromium-carbon with copper, vanadium, molybde 
num, manganese, iron, or nickel 
3. Titanium-chromium-nitrogen with vanadium, molybdenum, or 
nickel. 
The tensile properties, minimum bend radii, hardnesses, response 
to heat treatment and aging treatment, and phase relationships 
of these alloys are reported 


¢ l *R \/ W. SIMMONS and 
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Table I 


Properties of Quaternary Chromium-Titanium Alloys 


with Additions of Nitrogen and Carbon—Process 


i Metal Base 


Composition, Pet As Hot Relied Heat Treated 1600°F 


Tensile Elong Minimum 
Strength Pet in Bend 


psi Lin Radius, In 


Tensile 


Minimum 
Strength 


Bend 
psi Radius, In 


Titaniuam-Chromium-Carbon 


Nitrogen (0.10 and 0.20 Pet N) 


Titanium-Chromium-Carbeon (6 Nitrogen (0.10 and 0.70 Pe 


TROGEN ADODEL 
Pu 


_ —— — oe ie ee ee ee ee 


M ARBON- NITR EN 


LLED TEMPER 
HROMIUM NTENT 
% NITROGEN ADDE 
a NOMINAL CHROMIUM 
2% NITROGEN ADOE 











Fig. 1—Effect of carbon and nitrogen on the prop Fig. 2—Effect of carbon and nitrogen on the prop- 
erties of as-hot-rolled titanium-chromium alloys erties of 


as-hot-rolled titanium-chromium alloys. 
prepared from process A metal 
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Fig. 3—Effect of 0.25 pet carbon and 0.20 pet nitro 

gen on the transformation range of titanium-2.5 to 

5.0 pet chromium alloys made from process A ye Awe 
metal. =3 T 
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| 
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Fig. 4—Effect of copper and carbon on the prop 
erties of as-hot-rolled titanium-chromium alloys 
prepared from process A metal. 
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uw 
Fig. 5—Effect of vanadium and carbon on the 


properties of as-hot-rolled titanium-chromium al 
loys prepared from process A metal 


Fig. 6 (right)—Effect of carbon and iron on the 
properties of as-hot-rolled  titanium-chromium 
alloys prepared from process A metal. 
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Additions of Carbon 


Chromium.-Titanium Alloys with 


Aging and Heat-treating Data for Quaternary 


Table ll 
and Nitrogen—Process 


| Metal Base 


Heat-Treating Data Aging Data 


Vickers Hardness: After 
Composition Vickers Hardness After Indicated Treatment Indicated Treatment 
As Hot Rolled.’ Aged 

T30°F for Indicated Time 


Heat Heat Heat Heat Heat 
Treatec Treated Treated Treated 
1650°F 1700°F 17 50°F 
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w“w Kolled 1ijeer 1I550°¢F 1Goner 
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Effect of molybdenum and carbon on the Fig. 8—Effect of carbon and manganese on the 
as-hot-rolled titanium-chromium al properties of as-hot-rolled titanium-chromium al 
A metal loys prepared from process A metal 
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Table UL. Properties of Quaternary Chromium-Titanium Alloys’ with Additions of Carbon and One Other Metal 


—Process A Metal Base 


As Hot Kolled Heat Treated 1600°F 

Tensile Elong Minimum 
Strength Pet in Bend 

psi I In VHN Radius, In 


Tensile Minimum 
Strength Bend 
pri VHN Radius, In 


Elong 


um-Chromium-0 Carbon-1.0 and 2.0 Pet Copper 


Titanium-Chromiam-6.25 Pet Carbon-1.0 and 7.6 Pet Vanadium 


remium-0 Pet Carbon-t.0 and 27.0 Pet Molybdenum 


1H and 7.0 Pet Manganese 


Pet Carbon-!.0 and 


10 Pet Iron 


Pet Carben-!l Gand 0 Pet Nickel 
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Additions of Carbon 


Aging and Heat-treating Data for Quaternary Chromium.-Titanium Alloys with 


Table IV 
and One Metal—-Process A Metal Base 


reating Data Aging Data 


Vickers Hardness 
Composition, Pet Vickers Hardness’ After Indicated Treatment After Indicated 
Treatment 
As Hot Rotled 
Heat Heat Heat Heat Heat Heat Aged 750° for 
As Hot Treated Treated Treated Treated Treated Treated 'dteated Time 
t 1550°F 1k 1a50°F 1 TO0e°r 170° 


Heat N Intended 
werk Rolled? 1450 
our ir 


ritanium-Chromium-#.25 Pet Carbon 2.0 Pet Copper 


Titanium-Chromium-0.25-Pect Carbon-1.0 and 2.0 Pet Vanadium 


Titanium-Chromium-0.2 0 Land 2.0 Pet Melybdenum 


ivand 2.0 Pet Manganese 


Titanium-Chromium-t 


Titanium-Chromium-0 Hand 2.0 Pet Iron 


Titanium-Chromium-@.? arben-l U0 and 0 Pet Nickel 
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Table V. Properties of Quaternary Chromium-Titanium Alloys’ with Additions of Nitrogen Plus Metals—Process 
| Metal Base 


Composition, P 


As Hot Reolied Heat Treated 1H00°r 


Elong 
Petin 
i In 


Minimum Tensile 
Bend 
Radius, In 


Elong 
Strength Pet in 
psi iin 


Minimum 
Bend 
Radius, In 


Titanium-Chromium-t.o P« 


t Vanadium-.10 and 0.20 Pet Nitrogen 


Titanium-Chromium 0 Pet Vanadium-0.10 and 0 


Titanium-Chromium-t.0 Pet Melybdenum-0.10 and 0.20 Pet Nitrogen 


Titanium-Chreomium 0 Pet Melybdenum-# 10 and 0.20 Pet Nitrogen 


Titaniom-Chromium 0 Pet Nickel-0.10 and 0.20 Pet Nitrogen 


Chromium kel-0.10 and 0.20 Pet Nitrogen 


ve JOURNAL OF TRANSACTIONS 





Table VI. Aging and Heat-treating Data for Quaternary Chromium-Titanium Alloys with Additions of Nitrogen 


Plus Metals—Process A Metal Base 


Treating Data Aging Data 


Viekers Hardness After 
Composition, Pet Vickers Hardness’ After Indicated Treatment Indicated Treatment 
As Hot Rolled 
Aged 750°F for 
Heat Heat Indicated Time 


Heat Heat 
Treated 


Batented As Hot Treated Treated Treated Treated Treated 
Kolled 1Ajoer 1550°8 1saack 1650°R 1Teeek it F 


Heat Heat 


Titanium — Chromium (1.0 Pet Vanadium (0.10 et and 0.20 Pet Nitregen 


Titanium — Chromium (2.0 Pet Vanadium (06.10 Pct and 6.20 Pet Nitrogen 


Titanium Chromium (1.0 Pet Molybdenum (6.10 Pct and 0.20 Pet Nitrogen 


Titanum Chromium (2.0 Pet Molybdenum (0.10 Pet and 0.20 Pet) Nitrogen 


Titanium Chromium (1.0 Pet 0.10 Petand 0.20 Pet Nitrogen 


Titanium Chromium 0.10 Petand 6.20 Pet — Nitrogen 


1950, JOURNAL OF METALS—547 


TRANSACTIONS AIME, VOL. 188, MARCH 





ARBIDE PHASE 
@ ALPHA + BETA + CARBIDE 
@ BETA + CARBIDE 
@ i% COPPER + 025% CARBON 
ADDEC 


@ 2% COPPER + 025% CARBON 
ADOEO 7 


i 


wi 
44 \__|__9gga-—a9 


3 





60 
HROMIUM, PER CENT 
Fig. 10—Effect of 1.0 and 2.0 pet copper and 0.25 
pet carbon on the transformation range of titani- 
um-2.5 to 5.0 pet chromium alloys made from 
process A metal. 


Fig. 9—Effect of nickel and carbon on the prop 
erties of as-hot-rolled titanium-chromium 
prepared from process A metal 


illoys 


KERS HARONE 
BINARY ALL 


VANAL iM -NITROG 


AS-HOT-ROLLED TEMPER 
NOMINAL HROM UM TENT 
% NITROGEN ADDE 
& NOMINA HROMIUM NTENT 
2% TROGEN ADDEC 





ROMIUM 


Fig. 11—Effect of vanadium and nitrogen on the Fig. 12—Effect 
properties of as-hot-rolled titanium-chromium al 
loys prepared from process A metal 


of vanadium and nitrogen on the 
properties of as-hot-rolled titanium-chromium al 
loys prepared from process A metal. 
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Fig. 13—Effect of molybdenum and nitrogen on 

the properties of as-hot-rolled titanium-chromium 
alloys prepared from process A metal. 
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Fig. 14—The effect of molybdenum and nitrogen 
on the properties of as-hot-rolled titanium-chro 
mium alloys prepared from process A metal. 
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HROMIUM CONTENT , PER CENT 
Fig. 15—Effect of nickel and nitrogen on the prop 
erties of as-hot-rolled titanium-chromium alloys 
prepared from process A metal. 


; 4 5 
HROMIUM CONTENT, PER CENT 

Fig. 16—Effect of nickel and nitrogen on the prop 

erties of as-hot-rolled titanium-chromium alloys 


prepared from process A metal 
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Fig. 17—Effect of 2.0 pet 


vanadium and 0.10 pet Fig. 18—Effect of 2.0 pet molybdenum and 0.10 pet 
transformation range of titanium nitrogen on the transformation range of titanium 
2.5 to 5.0 pet chromium alloys made from process 2.5 to 5.0 pet chromium alloys made from process 
A metal 


A metal. 


nitrogen on the 


Structure and Transformation Range: 


Quaternary Titanium-Chromium-Nitrogen Alloys 


Containing Vanadium, Molybdenum, or Nickel: Qua 


Mechanical Properties 


and Aging: 


Response to Heat Treatment 
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eae 

0.20 Fig. 20—Effect of 2.0 pet nickel and 0.10 pet nitro 

ti gen on the transformation range of titanium-2.5 

to 5.6 pet chromium alloys made from process A 
metal 


Fig. 19—Effect of 2.0 pet molybdenum and 

pet nitrogen on the transformation range of 

tanium-2.5 to 5.0 pet chromium alloys made from 
process A metal. 


Table VII. Analysis and Properties of Process A Ti 

tanium Alloys Whose Tensile Strength Is Higher Than 

Would Be Expected From the Vickers Hardness 
Number 


Elong 
Petin Vickers 
1 In Hardness 


Fig. 21—Effect of 2.0 pet nickel and 06.2 pet nitro 
gen on the transformation range of titanium-2.5 to 
5.0 pet chromium alloys made from process A 


metal. 


with Tensile Properties 


TRANSACTIONS AIME, VOL 88 MARCH JOURNAL OF METALS 





rn = ox os = 


Fig. 22—Correlation of hardness and tensile strength of as-hot-rolled process A titanium base alloys. 
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Diffusion Coefficient of Carbon in Austenite 


by Cyril Wells, 
Walter Batz, 


and Robert F. Mehl 


Diffusion coefficient values for carbon in austenite covering a wide range of 
temperature and composition have been determined employing statistical methods 
In addition, the relation between concentration and each of the following, ( dif 
fusion coefficient), (activation heat of diffusion), and the constant in the 

diffusion equation), has been obtained 
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Table Il. Diffusion-anneal Data 


Material A Welded Material A Welded 
to Material B to Material B 


Temperature Time Temperature Time 
of of No. of Ne. of of of 
Diffusion A B Diffusion Diffusion 

Material Material c hr 


Ne. of 
A Diffusion 
Material Material ( hr 





Fig. 2—Typical curve resulting from a plot on 

probability paper of C/C_ values versus distances 

from the weld to centers of layers machined from 
the couple. 


Plots of this kind provide a basis for drawing concentration 
penetration curves more accurately and more objectively 


Fig. 3— Typical concentra 
tion-penetration curve. 


Centers of closed circles are actual 
data points Centers of open cir 
cles represent computed concen 
trations at selected distances from 
the weld. In computing concentra 
tions ¢ is added to the preduct 
ef Cc ¢ ‘ and ¢ values 
known footnote table 
values of C ¢ at 
tances are represented b points 
on the curve of fig. 2 
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Fig. 4—A typical curve showing diffusion co 
efficient, D, at a given temperature te vary with 
concentration 

trations of 1 ‘ 6, and at. pet 


such curves and these, after being cor 
reported in table IV 


Table Ul. Data from Test 16 


Fig. 5—Plot of diffusion coefficient at each of two 
concentrations against reciprocal of temperature. 
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Table IV. Data Used for Plotting, on Semi-log Paper, Diffusion Coefficient at Constant 
Concentration Versus Reciprocal of Temperature 


Wt Pet Carbon 


At Pct Carbon 


Test Temperature Temperature 
No 


Table V. Data Showing that Within the Limits of Experimental Error Neither Boron up to 
0.009 pet Nor Silicon up to 2 pet Significantly Affects the Rate of Diffusion of Carbon in Austenite 


lremperature Boron Silicon 
‘ Weight Pet Weight Pet 
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Fig. 6—Plot of diffusion coefficient at each of two Fig. 7—Plot of diffusion coefficient at each of two 
against reciprocal of temperature concentrations against reciprocal of temperature. 
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Fig. 8—Shows the relation between diffusion 
efficient at 1127°C and carbon concentration 
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Fig. 10—Curve showing the relation between 
the constant A in the diffusion equation and 
carbon concentration. 
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Ca rbides in Long-tempered 


Vanadium Steels 


by Walter Crafts and John L. Lamont 


Study with the electron microscope of the carbides in vanadium 
chromium-molybdenum steels after tempering up to 1000 hr at 600 
to 1400°F confirmed that alloy carbides are formed at the second 
ary hardening temperature by decomposition of the plate-like iron 
carbides. tt was also demonstrated that vanadium carbide persists 
as much smaller particles than do chromium- or molybdenum 
bearing carbides. Conditions conducive to the formation of fine 
vanadium carbides cre indicated to be favorable for high tempera 

ture strength 


gh temperatures on vanadium-bear!i : ‘Is, istrated more clearly than in the earlier study 


irvey has been made of their hardne and r- t was confirmed that carbides develop from mar- 
The beh: r of carbides in th tensite as poorly defined plates of the Fe,C type 
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trolytically extracted residues in greater detail ter i i a li ni from which alloy car- 
an earl investigation bides ner$ a chunky particle that grow slowly 

with about 0.25 pct carbon a1 with rther increase of npering temperature 
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that tended to grow very slowly. The addition 
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Table I. Analyses of Steels 


Metallographic Study of Tempering Reactions 


Hardness Tests 





Table U. Carbide Types Observed in X ray Diffraction Patterns of 


Fe Type 


Relative 
Intensity 


Tempering 
Time 
H 


Electrolytically Extracted Residues 


VC) Type Cre€, Type Type 


Relative 
Intensity 


Relative 
Intensity 


Relative 
Intensity 
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Tempering Temperature °F 


how 





Annealed from 1830°F 
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Fig. 2—Steel No. 10—0.26 pet C-4.69 pet Cr-1.03 pet V. 


Ol quenched from  2200°F Ceoled in liquid oxygen Tempered at 60u°r Electron micrographs 5.000 
hr ooo br Microstructure after 1000 hr X2000. Slightly reduced in reproduction 
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3—Steel No. 10—0.26 pet C-4.69 pet Cr-1.03 pet V. 


Cooled in liquid oxygen. Tempered at 800°F. Electron micrographs 5. 
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Fig. 4—Steel No. 10—0.26 pct C-4.69 pet Cr-1.03 pet V. 


sched from 2200°R Cooled in liquid oxygen Tempered at 1000°r Electron micrographs 25.000 1 hr 
10 br 100 br. e. 1000 br. f. Microstructure after 1000 hr. X2000. Slightly reduced in reproduction 
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Table IV. Carbides in Residues Extracted from Samples 
Tempered 1000 hr at 1200°F 


Quenched Annealed 
from 2200°F from 1800°F 
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Fig. 6—Steel No. 10—0.26 pet C-4.69 pet Cr-1.03 pet V 


“°F. Cooled in liquid oxygen. Tempered at 1400°H 


Electron micrographs 5.000 
oon he Microstructure after 1000 hr A 2000 


Slightly reduced in reproduction 


Table V. Carbides in Residues Extracted from Steel 
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Fig. 8—Steel No. 3—0.21 pet C-4.79 pet Cr. Tempered 1000 hr at 1200°F 


in liquid exygen Annealed from 1880°F, Cooled in liquid oxygen 


x MM) =microstructure X 


Slightly reduced in reproduction 
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§—Steel No. 6—0.23 pet C-0.98 pet Cr-1.08 pet V. 


Oi quenched  T200°F Cooled in liquid exvgen Annealed from [sso 
ted residuc X my microstructure XT000 Slightly reduced in reproduction 


Steel No. 11—0.21 pet C-4.58 pet Cr-0.99 pet Mo-0.29 pet V. 
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Fig. 11—Steel No. 12—0.25 pct C-4.66 pet Cr-0.92 pet Mo-1.02 pet V. 


Tempered 1000 hr at 1200 t OU quenched 7200°F Cooled in liquid oxygen Annealed fram t840°h 
in liquid oxyvger Extracted residue X25.000 microstructure x00 Slightly reduced in reproduction 
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Internal Friction of Cold-worked Metals 


At Various Temperatures 
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Fig. 1\—Effect of 
temperature of 
measurement 
and of prior 
anneal upon 
internal friction 
of cold-worked 
99.991 aluminum. 
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Fig. 3—Effect of annealing time (at 200°C) upon internal 
friction at 200°C of coid-worked 99.991 aluminum 


> pet reduction areca 





iction Versus Amount of Cold-Work 


‘ ‘ ol nte! 


99.991 alur 


Internal Friction Versus Aging Time: 


TRANSACTIONS AIME, VOL. 188, MARCH 1950, JOURNAL OF METALS—577 

















) x 
Anneciing Time m Minutes (at 245°C 
Fig. 4—Effect of annealing time (at 245°C) upon internal fric 
tion at 245°C of cold-worked 99.991 aluminum 
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A Study of 


Recrystallization and Grain Growth 


by Measurements of Internal Friction 


by T’ing-Sui Ke 


Internal Friction and Recrystallization 
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Fig. 1—Variation of internal friction with the tem 
perature of anneal and of measurement of cold 
worked aluminum, alpha brass and iron 
The arrows shown with the curves indicate he direction of 
increase of annealing temperature The temperature at which 


the internal friction drops with increasing temperature is de 
fined as the complete recrystallization temperature 
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by Earl A. Gulbransen and Kenneth F. Andrew 
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Fig. 20—Reaction of Ta 
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Fig. 23—Reaction Cb with 
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Fig. 24—Reaction of Ta with H.. Effect of pressure abraded 
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The Graphical Representation 
of 


Metallurgical Equilibria 


by C. J. Osborn 


The temperature dependence of the free energies of formation of metallurgi 
cally important oxides, sulphides, chlorides, carbonates and sulphates is presented 
graphically, whereby the task of deriving practical metallurgical information is 
greatly simplified 

The diagrams have been revised according to the latest available thermodynamic 
data 
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energies of formation 

of metal sulphates 
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Fig. 5—Standard free 
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of metal carbonates 
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CO.,, for the reaction 

involving 1 gram mol 
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Conditioning Dwight-Lloyd Gases to Increase Bag Life 


by R. E. Shinkoskey 


This paper outlines the development of a program for increasing the life of 
woolen bags used for filtering Dwight-Lloyd gases by treating the bags and gases 
with hydrated lime. Methods and apparatus are described for determining alkalinity 
of dusts, acidity and breaking strength of bag cloth. Procedure and results, based 

on several years of operation, are presented. 


Table L. Drop in Bag Life 


Total Life in Volume 
Bags in Months Gas 
pAtl ac of Bags Filtered 
Bag Re cfm per 
house placed Bag 


Table Ul. Method of Determining Per Cent Acidity 
in Bag Cloth 
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Method of Determining Breaking 
Strength of Bag Cloth 
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An Improved Automatic Smoke Sampler 


by J. J. Donoso 








-Automatic smoke sampler — 
Piezometer rings. 


DOUNOSO 


Fig. 2 Automatic multi 
ple smoke sampler. Gen 
eral arrangement. 
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Fig. 3 (left)—Two-inch piezometer ring assembly. 


Fig. 4 (above)—Filter holder for automatic smoke 
sampler. 
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Fig. 5 (left)—Instrument 
cabinet. 


Fig. 6 (right) —Exhaust 
fan, regulating valve and 
filter holder. 


Fig. 7 (below) — Piezo 
meter leads and insulated 
filter holder. 
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HEVI DUTY - a 


POT FURNACES | 
Play am Smportanl now 


Hevi Duty Pot Furnaces are being used in a great variety of 
ways throughout industry. Many manufacturers have stand- 
ardized on these furnaces for production and pilot plants. The 
Metallurgy Department at the University of Notre Dame is 
using a battery of five Hevi Duty Furnaces in the study of grain 
growth characteristics and of recrystallization in high purity \ 
, : : . ; . Five Hevi Duty Pot Fur 
aluminum, aluminum base alloys and in high purity and com sane ts Ge Mebane 


mercial brass. Similar furnaces are used in the study of Department at Notre Dame 
University 


isothermal transformations in steel. — 


If your procedure calls for the use of a round or rectangu- 
lar pot furnace at medium temperature operation, write for 
Bulletins HD-635 and HD-546. A complete range of sizes 
is available. 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVIsDUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 











